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On the Use of Sulfanilamide in Measurement of Body Water 
in the Dog.* 


ALICE WATERHOUSE AND JAMES A. SHANNON. 
From the Department of Medicine, New York University College of Medicine, and 
The Research Service, New York University Medical Division, Welfare Hospital, 
Welfare Island. 


Sulfanilamide has been advanced for use in the measurement of the 
total water content of dogs.* The suggestion was based upon the 


* This investigation has been aided by a grant from the John and Mary R. 
Markle Foundation. 
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demonstration that its volume of distribution was equal to that of 
urea as well as to the total water content of animals, as measured by 
desiccation. Unfortunately, the whole blood concentration was used in 
calculating the volume of distribution of sulfanilamide, thus introduc- 
ing an error due to the localization of sulfanilamide in the erythro- 
cytes.* Such localization had been demonstrated in human bloods® 
and it is now known that a similar situation obtains in other species. 
One may reason, from these considerations, that sulfanilamide is not 
valid for the purpose suggested. However, the concept is of suffi- 
cient importance to require a more direct examination in the dog as 
the basis for its rejection or acceptance. 

The volume of distribution of sulfanilamide, and its distribution in 
a series of representative tissues have been determined in the dog, 
using the concentration in the plasma water as the standard of ref- 
erence, 

Haperimental, ‘The renal pedicles were ligated in Dogs 1-5 under 
light nembutal anesthesia. Dog 6 was normal. Sulfanilamide was 
injected immediately after the ligation in 3 animals, the experiments 
being terminated in 2 (Dogs 1 and 2) and 24 hours (Dog 3). It was 
administered to Dogs 4 and 5 24 hours postoperatively. Dogs 3, 4 
and 5 had recovered completely from the anesthetic and from the 
acute effects of the operative procedure at the time of the distribu- 


tion studies, All animals were quickly exsanguinated at the termina-. 


tion of the experiment and the tissues immediately sampled for 
analysis ; blood samples were taken one hour after the intravenous ad- 
ministration of the sulfanilamide and just prior to sacrificing the 
animal, 

The sulfanilamide determinations* were on protein-free filtrates of 
plasma, erythrocytes, and tissue obtained by the precipitation of pro- 
tein at high dilution (1-50) with trichloracetic acid. Small pieces of 
tissue were thoroughly ground with silica and trichloracetic acid and 
then extracted for one hour with frequent agitation. Complete re- 
covery of sulfanilamide added to plasma, erythrocytes and tissue was 
regularly obtained with these procedures. The sulfanilamide concen- 
trations in plasma water were calculated from the plasma concentra- 
tions on analysis and the water content of plasma. No corrections 
were made for the nondiffusible sulfanilamide which is small in the 
case of dog plasma." ° 


1 Painter, 1H, H., dm. J. Physiol, 1940, 129, 744, 

2 Poters, J. P., Ann. Rev. Physiol, 1942, 4, 89. 

5 Sise, 1, 8., Proc, Soo, Hxr, Broun. AnD Mup., 1989, 40, 451. 

4 Bratton, A. O., and Marshall, B. K.,Jx., J. Biol. Chem., 1939, 128, 537. 
5 Waterhouse, A., unpublished, 

6 Davis, B. D., Science, 1942, 95, 78, 
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Results. These are summarized in Table I. The time allowed for 
the establishment of plasma-tissue equilibrium of sulfanilamide was 
2 hours in 5 experiments and 24 hours in one. Two hours is quite 
adequate since the plasma concentration was essentially constant after 
the first hour in all the animals with ligated renal pedicles. The con- 
centration of sulfanilamide, other than that in the plasma, has been 
expressed as the ratio of its concentration per 100 g of wet tissue to 
the concentration in plasma water. This ratio would be equal to the 
fraction of wet tissue which is water if the concentration of sulfanila- 
mide in a tissue were determined solely by its water content. Data on 
the water content of tissues’ are included in the table for convenience 
of comparison. The data indicate that there is a significant localiza- 
tion of sulfanilamide in all tissues including brain substance if, as 
seems probable, the latter tissue is in equilibrium with a fluid with the 
chemical characteristics of cerebrospinal fluid.’ 

Discussion. The data are in keeping with the qualitative view that 
sulfanilamide is widely distributed in tissues in a fairly even manner.’ 
They are quite contrary to the concept that its distribution is de- 
pendent solely upon the distribution of water and, that it may be used 
as an accurate measure of the water content of the body. The agree- 
ment previously obtained’ between the volume of distribution of sul- 
fanilamide and the volume of distribution of urea, or, the directly 
measured water content of dogs appears to be the result of com- 
pensating errors. The localization of sulfanilamide in the erythro- 
cytes yields a high value for its concentration in the fluid of refer- 
ence when whole blood is used and this approximately balances a 
somewhat similar localization in other tissues. 

Conclusion. Sulfanilamide may not be used as a measure of total 
water in the dog. 


4 


7 Brodie, B. B., unpublished. 
8 Wallace, G. B., and Brodie, B. B., J. Pharm. and Exp. Therap., 1939, 65, 220. 


9 Marshall, E. K., Jr., Emerson, K., and Cutting, W..C., J. Pharm. and Exp. 
Therap., 1937, 61, 196. 
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Choline Deficiency in Rats of Various Ages.” 


R. W. Encer. (Introduced by A. G, Hogan. ) 


From the Laboratory of Animal Nutrition, Alabama Polytechnic Institute, Awburn, 


Griffith and Wade! demonstrated that weanling rats receiving diets 
deficient in choline developed a hemorrhagic kidney disease within 2 
weeks, Later it was shown that this abnormality could be prevented 
by methionine,’ or by betaine,’ as well as by choline, Engel and 
Salmon* developed a diet which was sufficiently depleted of choline, 
and of other compounds behaving like choline, to produce 100% mor- 
tality in weanling rats. The same diet when supplemented with ade- 
quate choline produced good growth. Data are presented herein to 
show : (1) the approximate minimum requirement of choline for the 
prevention of the fatal hemorrhagic disease during the first 2 weeks 
after weaning, and (2) the need for dietary choline for the prevention 
of the hemorrhagic disease throughout the rapid growth period, 

Method. Weanling rats were placed on the choline-deficient diet 
31 PMC* at 23 days of age. The rats were individually fed the diet 
ad libitum, and 20 meg each of thiamin, riboflavin, and pyridoxine, 
and 100 meg of calcium pantothenate per day ; they were fed adequate 
amounts of carotene and calciferol once a week, Choline was fed as 
indicated later. Two groups of rats were retained on the stock diet 
for 3 and 5 weeks respectively before being transferred to the deficient 
diet. 

The Approximate Minimum Requirement of Choline. Prelim- 
inary trials on a few animals had indicated that the approximate daily 
choline chloride requirement for the prevention of the fatal hemor- 
thagic conditions was 5 mg. The results of further studies on the 
minimum requirements of choline are presented in summary form in 
Table I. Male and female rats from 10 different litters received 
choline chloride at the 4 mg level. It is of interest that 75% of the 
fatal cases occurred among the rats from 3 litters, and that there were 


* Published with the approval of the Direetor of the Alabama Agricultural 
Experiment Station. 

1 Griffith, W. H., and Wade, N. J., Proc. Soc. Expr. Bron. anp Mup., 1939, 
4J, 188. 

2 Griffith, W. H., and Wade, N. J., J. Biol. Chem., 1940, 182, 627. 

% Griffith, W. H., and Mulford, D. J., Proc. Soc, Exp, Bron. AND Mup., 1940, 
45, 657, 

4 Engel, KR. W., and Salmon, W. D., J. Nutrition, 1941, 22, 109. 
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TABLE TL. 
Weight Change and Survival in 23-day-old Rats Receiving Suboptimum Levels of 
Choline. 
Choline Avg wt 
chloride Avg Avg wt Avg wt change 
perrat initial change No. change* fatal cases 
No. of daily, wt, lst wk, surviving 2nd wk, 2nd wk, Survival 
rats Sex mg g g 2 wks g g % 
19 M 7 cas 16 11 15 —10 58 
15 M 5 47 16 12 12 ——5 80 
a) 7 45 14 ay 15 —7 81 
12 F 5) at 15 il 17 — 5 92 


*Survivors only. 


4 litters represented in which no mortality occurred. The litter varia- 
tion was not correlated with variation in rate of growth up to the 
crucial 7- to 10-day period when the hemorrhagic condition de- 
veloped. Rats from 8 different litters each received 5 mg of choline 
chloride daily. In this experiment 3 of the 4 fatal cases occurred in 
rats from one litter. At both levels of choline feeding the male rats 
were slightly more susceptible to the hemorrhagic disease than the 
females, a confirmation of the results reported by Griffith,’ and by 
Engel and Salmon,* when the latter workers used diets less severely 
deficient in choline and in substances behaving like choline. 

In view of individual variation, as well as litter variation, it is diffi- 
cult to establish any exact minimum requirement of choline for the 
prevention of the fatal hemorrhagic disease. The data suggest that 
approximately 5 mg of choline chloride per rat daily are necessary for 
the prevention of the fatal hemorrhagic condition in most cases. 
Griffth® has reported that for diets containing 18 to 24% of casein 
and 6% of yeast, 1 to 2 mg of choline chloride per rat daily are needed 
to prevent kidney hemorrhage. If the methionine supplied by this 
amount of casein and the choline supplied by this amount of yeast are 
taken into account, the results reported by Griffith are confirmed in 
the present experiments. 

The Need for Choline Throughout the Rapid Growth Period. 
Since relatively large quantities of choline were required by the wean- 
ling rat for the prevention of the hemorrhagic condition during the 
first 2 weeks it was important to determine whether this condition 
could be produced if the rats were supplied with choline through the 
crucial 2-week period. To this end, weanling rats were fed diet 
31 PMC and the usual supplements plus 20 mg of choline chloride 
per rat daily for 2, 3, 4, and 5 weeks respectively. After these 


5 Griffith, W. H., J. Nutrition, 1940, 19, 437. 
€ Griffith, W. H., J. Nutrition, 1941, 22, 239. 
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- periods had elapsed the rats were continued on the same diet without 


choline and observations were made daily. The results definitely 
indicate that dietary choline is essential throughout the rapid 
growing period. 

When 20 mg of choline chloride was fed for 2 weeks after weaning 


_and the choline then discontinued, 3 out of 4 rats died with hemor- 


rhagic kidneys between the ninth and the twelfth day. When the 
choline was fed for 3 weeks, 2 out of 4 rats died, one on the seventh 


_and the other on the fourteenth day after choline was discontinued. 
_ Of the 12 rats fed choline for 4 weeks, 6 died of choline deficiency 


within the succeeding 14-day period, the mean number of days to 
exitus being 9. Three out of 7 rats which had received choline for 
5 weeks died of choline deficiency within 14 days after choline feeding 
was discontinued. 

The results indicate that the susceptibility of growing rats of either 
sex to choline-deficiency hemorrhagic disease remains practically 
unchanged between the fourth and the seventh week after weaning. 


_ In general, the rats which received choline over longer periods (4 or 5 
_ weeks) usually suffered the greatest weight losses before death. In 


all but one of these fatal cases the body weight at death was less than 
it was when choline feeding was discontinued. This is particularly 
significant since such severe weight losses did not occur in choline- 
deficient rats during the crucial 7- to 10-day post-weaning period. 
The surviving rats were continued on the choline-deficient diet for 
from 4 to 12 weeks. Their weight gains were very irregular. Eight 


of the 13 survivors had suffered weight losses during the 2-week 


period following the discontinuation of choline feeding and showed 
connective tissue scarring of the kidney cortex at necropsy, an indi- 
cation that hemorrhage had occurred. 

.. From the previous experiments it was apparent that if rats receiv- 
ing diets low in choline were deprived of choline at any time during 
the rapid growing period, they were susceptible to the hemorrhagic 
kidney disease. It seemed desirable to determine what the result 
would be if rats were retained on the stock diet until varying weight 
levels had been reached before they were placed on the choline- 
deficient diet. 

One group of 8 rats was kept on the stock diet for 3 weeks after 
weaning, and another group of 9 rats was kept on the same diet for 


_5 weeks. All of these rats were placed on the choline-deficient diet 


and received the usual vitamin supplements but no choline. Four of 
the 8 rats which had received the stock diet for 3 weeks after weaning 
had lost weight after 2 weeks on the choline-deficient diet. All of 
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these rats survived through the first 2 weeks and resumed growth 
during the third week. At autopsy 3 weeks later, one of the rats 
which had lost weight showed severe connective tissue scarring of the 
kidney surface. 

Two of the rats which had received the stock diet for a 5-week 
period before being placed on the deficient diet lost weight during 
the second week of the experiment and both rats had connective tissue 
kidney scars at necropsy. 

The data suggest that rats which were fed the stock diet during the 
preliminary feeding trial were somewhat less susceptible to choline- 
deficiency disease than those which were fed the choline-deficient 
diet supplemented with relatively high levels of choline. 

Summary. Weanling rats receiving a diet severely deficient in 
choline required approximately 5 mg of choline chloride per rat daily 
to prevent the fatal hemorrhagic kidney disease. Choline deficiency 
was produced within 7 to 14 days at any time during the rapid grow- 
ing period when choline was omitted from the diet. Weanling rats fed 
a stock diet for periods of 3 or 5 weeks were somewhat less susceptible 
to choline deficiency than rats fed the diet low in choline and supple- 
mented with 20 mg of choline chloride daily for similar periods. 
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Alterations in X-Ray Diffraction Pattern of Rat Tibia in Rickets.* 


C. I. REED AND B. P. REEp. 
From the Department of Physiology, University of IlWinois, Chicago Colleges. 


The use of diffractograms in the study of molecular structure has 
been discussed extensively by Clark.* Numerous studies on bone by 
this technic have confirmed that there is a characteristic pattern most 
neatly agreeing with the type pattern of dahlite. Not many reports 
have given consideration to the possibility that this characteristic 
pattern may undergo physiological alteration. Roseberry, Hastings 
and Morse’ described briefly some age changes in cultures of osseous 


* A part of the expenses of this investigation were borne by a grant from the 
Nutrition Research Laboratories, part by a grant from the Graduate School 
Research Fund. 

1 Clark, G. L., Applied X-Rays, 3rd, New York, 1940, McGraw-Hill Book Co. 

2 Roseberry, H. H., Hastings, A. Baird, and Morse, J. K., J. Biol. Chem., 1931, 
90, 395. 
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tissue. Clark and Mrgudich*® described characteristic changes in 
rickets, quantitatively related to the degree of severity. 

There was no fundamental change in chemical composition, since 
the lattice spacings were not altered. Both inorganic and organic 
elements were disorganized as evidenced by the much darker central 
area with its sharply defined boundaries and by the extension of the 
orientation arcs, sometimes forming a complete circle. 

Several other reports have been made of qualitative alterations in 
diffraction patterns of bones under various experimental conditions.* 

In an effort to study the influence of healed rickets on the subse- 
quent behavior of bone, our laboratory first made a study of mechani- 
cal efficiency, already reported.” A summary of findings in the first 
5 series of those experiments is presented in Table I. From this it 
will be seen that in all groups on a rachitic diet for 2-3 weeks, there 
were no significant differences in mechanical efficiency as manifested 
by breaking stress, regardless of the duration of the recovery period. 
Significant differences were seen only when the period of rachitic 
feeding was extended to 6 weeks. 

These same bones were used in the present study. Sections of cor- 
tex were ground from the tibial mid-shaft adjacent to the point of 
fracture. These were reduced to a thickness of 0.05 to 0.1 mm and 
mounted on a Hayes diffraction unit before a pinhole 0.025 inch in 
diameter. Exposure was made at 40 mm film distance to a Cu-target, 
G. E. X-ray tube operating at 35 kv, 22 ma for 2% hours. 

Analysis of over 500 diffractograms shows that in any long bone 
the most striking evidence of orientation is found in one large ring 


TABLE I. 
Comparison of Mechanical Resistance of Rat Tibia. 
Age on Days on Days on Age killed, 
Series rachitic diet diet healing diet days 

i 25 20 65 110 Not significant 
“ab 34 41 42 117 Significant 
IIr 24 19 72 115 Not significant 
IV 24 18 275 317 a f, 

Vv 23 By 42 102 Significant 


In the last column is indicated the difference in mechanical efficiency between 
control and experimental animals, as determined by breaking stress. 


3 Clark, G. L., and Mrgudich, J. N., Am. J. Physiol., 1934, 108, 74. 

4 Clark, G. L., Bucher, C. S., and Lorenz, O., Radiology, 1931, 17, 482; Henschen, 
C., Schweiz. Med. Woch., 1937, 67, 153, 182; 202, 223; Reynolds, L., Corrigan, 
K. E., Hayden, H. S., Macy, I. G., and Hunscher, H. A., Am. J. Roentgenol. Rad. 
Ther., 1938, 39, 103, 286. 

5 Schiller, A. A., and Struck, H. C., Proc. Soc. Exp. Brot. anp Mep., 1941, 
46, 198. 
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Fig. 1. 


with a diameter of 40 mnt and a d value 3.34 Au. This agrees 
with all previous observations. This ring was sharply arced in the 
long axis of the bone. The mean total length of the two arcs for all of 
the control animals at the time of sacrifice was 231° as compared to a 
mean of 340° for the experimental animals. This last computation 
was made without regard to the period on the healing diet. 

A comparison of two films is presented in Fig. 1. C was taken 
from a control rat in series [V and R from an experimental animal in 
the same series. Despite the fact that this series was on a good 
healing diet for 275 days the rachitic pattern is clearly evident. Table 
I shows that mechanical efficiency of the bones in this series was not 
impaired. It is not clear whether this disorientation is a physiological 
handicap in any other respect. The point will be investigated by some 
other technic. 

The age of this particular group at death would be comparable to 
35 years for the human. 

If these findings apply to the human it must be concluded that the 
rachitic pattern of bone is never eradicated completely. Whether its 
persistence has any bearing on the behavior of bone in later life re- 
mains to be determined. 


199 


13743 


Studies Concerning the Site of Renin Formation in the Kidney. 
II. Absence of Renin in Glomerular Kidney of Marine Fish.* 


MeEverR FRIEDMAN, A. KAPLAN AND ELEANOR WILLIAMS. 


From the Harold Brunn Institute for Cardiovascular Research, Mount Zion IHos- 
pital, San Francisco, Calif. 


In an earlier study,’ the absence of detectable renin in the aglomeru- 
lar kidney of the midshipman fish (Batrachoididae, Porichythys 
notatus) and its presence in the glomerular kidney of the catfish 
(Ameiuridae, Ameiurus nebulosus) and the carp (Cyprinidae, 
Cyprinus carpio) suggested to us the possibility that the formation of 
renin in a kidney was dependent upon its glomerular or arterial com- 
ponent. The midshipman fish, however, differs from the catfish and 
carp in that it is a marine variety of fish, whereas the latter species 
exist only in fresh water. Since the tubular structure of the kidney 
of the fresh water fish is known to differ from that of the marine 
fish,” it was possible that the absence of renin in the kidney of the mid- 
shipman fish was due not to the absence of glomeruli, but to a differ- 
ence in its tubular properties.” For this reason, it was considered 
advisable to examine the kidneys of other marine fish which had both 
~ glomeruli and tubules, in order to determine whether the absence of 
renin noted in tthe kidney of the midshipman fish was due to the 
specific absence of a glomerular apparatus or to a type of tubular 
development common to the kidneys of marine fish whether glomeru- 
lar or aglomerular. 

In the following report, the renin content of the kidneys of 2 
marine fish, the sole and cod, is compared with the amount found in 
the kidneys of 2 fresh water fish, the carp and catfish. 

All kidneys used in the study were obtained from freshly caught 
fish and their renin extracted in the manner previously described.* 
In most of the experiments, the extraction of renin from the 
dehydrated and defatted kidney powders was carried only to the 
stage of a crude saline extract, although in one experiment, 35 g of 
cod kidney were further purified and concentrated by carrying the 
process to the stage of “Fraction B’ of Helmer and Page.* The 
physiological assay of the extracts was performed as previously de- 


* Aided by a grant from the Dazian Foundation for Medical Research. 
1 Friedman, M., and Kaplan, A., J. Exp. Med., 1942, 75, 127. 

2 Marshall, E. K., Physiol. Rev., 1930, 14, 133. 

3 Helmer, O. M., and Page, I. H., J. Biol. Chem., 1939, 127, 757. 
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scribed.* Seven anesthetized (pentobarbital sodium) dogs were 
used, 2 of which had been nephrectomized 24 hours previously. 

As reported before,’ the carp and catfish kidney have numerous 
large and well lobulated glomeruli and tubular epithelium equipped 
with a brush border. An occasional concentration of agranular cells 
at the entrance of the arteriole into the glomerulus was seen, but there 
was no evidence of secretory action in these cells. 

Histological examination of the kidney of the sole and the cod, 
employing both the hematoxylin-eosin and the Mallory’s triple stain- 
ing methods, revealed no striking difference in their respective tubular 
epithelium as compared to the tubular epithelium of either of the fresh 
water fish. However, the glomeruli of both the sole and the cod were 
about half the size of those found in the kidneys of the catfish and 
carp and also were considerably less numerous. This last observation 
previously had been recorded by Marshall and Smith.* The kidneys 


TABLE I. 
Pressor Effect of Extracts from Kidney of Various Fish. 


Max. rise Avg pressure rise 


Extr. administered in blood per g fresh 
Fish kidney - (g fresh pressure* kidney in extr. 
extr. Dog No. kidney ) (Mm of Hg) (Mm of Hg) 
Cod. 
A 1 4.3 —10 0.0 
A 2 10.3 + 5 0.05 
B 2 5.5 0 0.0 
B 1 6.6 —15 0.0 
Ct 3 35.0 + 3 0.09 
Avg 12.3 0.03 
Sole. 
A 2 12.2 —10 0.0 
A 3 8.1 + 5 0.62 
Avg 0.3 
Catfish. 
A 7 5.0 +20 4.0 
A 8 10.0 +40 4.0 
Avg 7.5 4.0 
Carp. : 
A 2t 9.9 +88 8.7 
A 3t 4.5 +30 6.6 
B 5 8.0 +28 3.5 
Cc 5 20.0 +20 1.0 
D 6 8.0 +48 6.0 
E 1 8.0 +24 3.0 
E 1 8.0 +26 3.3 
Avg 9.5 4.6 


*Maximum pressure rise taken 2 to 4 minutes after injection of renal extracts. 
+Extraction of kidney tissue carried to Fraction B stage. 
tRecipient dog nephrectomized (24 hours). 


4 Marshall, E. K., Jr., and Smith, H. W., Biol. Bull., 1930, 59, 135. 
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of the teleosts also showed an occasional concentration of agranular 
cells at the entrance of the arteriole into the glomerulus. 

The extracts of both the carp and catfish kidney were found to 
contain a substance which was strongly pressor. Thus, the average 
rise in the pressure of dogs receiving an extract equivalent to one 
gram of fresh tissue was 4.6 mm of Hg for carp kidney and 4.0 mm 
of Hg for catfish kidney (Table I). An extract obtained from an 
equivalent amount of fresh hog kidney cortex effected a rise of 
12 mm of Hg. Further, it was found that the pressor substance 
in the carp and catfish kidney had a prolonged effect, was 
effective in a cocainized dog, and was ineffective in a dog previously 
rendered tachyphylactic to hog renin. In view of these observations, 
it was concluded that the substance studied was renin. 

In contrast to the above findings, similar assays conducted with 
extracts obtained from the glomerular kidneys of the cod and sole 
resulted in an extract which had no pressor effect upon the dog. In 5 
assays of cod kidney extract, no pressor effect was observed in any of 
them (Table I), despite the fact that in one assay, the equivalent of 
35 g of fresh cod kidney was given. Injections of 2 extracts of sole 
kidney, likewise failed to exert a pressor effect upon the dog. 

Discussion. The apparent absence of renin in the kidneys of the 
cod, the sole and the midshipman,’ as judged by the failure of their 
renal extracts to increase the blood pressure of nephrectomized dogs, 
contrasted strongly with its abundant presence in the kidneys of the 
fresh water fish studied. Recently, Bean,°® too, has reported the 
absence of renin in the kidney of another species of marine fish, 
namely, the shark. Although histological examination indicated 
that the kidneys of the carp and catfish had glomeruli which were both 
larger and more numerous than those in the kidneys of the cod and 
sole, this observation did not necessarily explain the apparent com- 
plete absence of renin in the latter kidneys. For it was found that 
whereas the extract obtained from as little as 4.5 g¢ of carp kidney 
raised the dog’s pressure 30 mm of Hg, an extract of 35 g of cod 
kidney effected no significant change in the pressure of the test 
animal. 

Summary. The absence of renin in the aglomerular kidney of the 
midshipman, a marine fish, cannot now be construed as suggestive 
evidence of the probable formation of renin by the glomerular or 
arterial component of a kidney because the glomerular kidneys of 
other marine fish studied, also lack renin. The presence of renin in 
‘the glomerular kidneys of the catfish and carp, however, suggests 


"5 Bean, J. W., Fed. Proc., 1942, 1, 6. 
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that the kidney of most fresh water fish contains renin. Just why 
the kidney of marine fish, whether glomerular or aglomerular, should 
be devoid of detectable renin and the kidney of fresh water fish 
richly supplied with this same substance is a question which cannot be 
answered at this time. As has been noted, already, there is evidence 
that the tubular function in the kidneys of these two varieties of fish 
is probably not identical. 
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Temperature Characteristics for Respiration in the Newt 
Under Chloretone and Nembutal* Anesthesia. 


L. E. Gorpon AND C. M. PoMERAT. 
From the Department of Biology, University of Alabama. 


It is well known that various narcotics and anesthetics have a 
depressing effect upon respiration but this has not been systematically 
investigated as a function of temperature. Thus, while something is 
known of the influence of this class of drugs on the absolute respira- 
tory rate, little information is available for changes in the relative 
respiratory rate. 

The newt, Triturus viridescens, was used in the present experiments 
both because it is a poikilothermous animal and therefore useful for 
temperature analyses and because its respiration has already been 
investigated by means of a Warburg apparatus suitably modified 
for this purpose. 

The minimum dose required to maintain newts immobile for 24 
hours under the conditions of temperature variations was determined 
experimentally for two suitable drugs. After preliminary anesthesia 
for 15 minutes in a 1-10 dilution of a saturated aqueous solution of 
chloretone, animals were transferred to modified Warburg vessels 
containing 1 cc of a 1-20 dilution of a saturated solution of chlore- 
tone. Comparable fluid was introduced into one unit serving as a 
thermobarometer. Nembutal (sodium pentobarbital) produced the 
desired effect with an intraperitoneal injection of 0.2 cc of a 0.6% 
solution. 

Thermal adaptation and the procedure for measuring oxygen 
consumption followed that described by Pomerat and Zarrow.* 


* Supplied through the courtesy of the Abbott Laboratories. 
1 Pomerat, C. M., and Zarrow, M. X., J. Cell. and Comp. Physiol., 1937, 9, 397. 
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All data reported were based on animals which remained immobile 
during the entire period of measurement and which recovered from 
the anesthetic at its conclusion. 

Arrhenius plots of the data for oxygen consumption during 
chloretone anesthesia yielded a temperature characteristic (#) of 
17,200+ (Fig. 1). This is the same value as that found for unan- 
esthetized animals by Pomerat and Zarrow' and for newts studied in 
relation to their endocrine system by Pomerat.’ A similar treatment 
of the values obtained for 10 different animals under nembutal anes- 
thesia is represented in Fig. 2. A distinct shift in the m is seen 
to have occurred. A value of 22,0804 was found for tempera- 
tures from 6.5°C to 16.5°C and of 10,100+ for the temperature 
range of 17.0°C to 21.0°C. A critical temperature (break) was 
found at approximately 16.5°C. It is noteworthy that the three 
values for » which have been found for the newt are commonly 
associated with processes in which oxygen is utilized. 

Shifts in temperature characteristics such as that resulting from 
nembutal anesthesia are relatively rare in the literature.* They 
may be looked upon simply as a modification of a fundamental 
constant, but from a more speculative standpoint®*° they are 
believed to represent a change of ‘‘pace-setter” in a catenary 
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Arrhenius equation plot for the rate of oxygen consumption in the newt, 
Triturus viridescens, under chloretone anesthesia. 

2 Pomerat, C. M., Endocr., 1939, 25, 385. 

8 Crozier, W. J., J. Gen. Physiol., 1935, 18, 801. 

4 Crozier, W. J., and Hoagland, H., Handbk. of Gen. Exp. Psych., 1934, Chup. 1. 

5 Hoagland, H., Cold Spring Harbor Symp. on Quant. Biol., 1936, 4, 267. 
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Temperature characteristics for ee of oxygen consumption in the newt, 
Triturus viridescens, under the influence of nembutal anesthesia. 
series. Among the recent studies supporting this interpretation 
are Hadidian and Hoagland’s®*’ findings concerning a respiratory 
enzyme system extracted from beef heart. Following poisoning 
with a critical amount of NaCN the value of » shifted abruptly 
from 11,200+200 to exactly 16,000 calories. This is believed to 
represent a change from a “‘pace-setter’’ mechanism involving a 
dehydrogenase to one characterized by an oxidase. 

Promising among the various theories of narcosis is the view 
that the phenomenon is due to interference with oxidative mecha- 
nisms. According to Holmes* oxidation is inhibited in tissues which 
are anesthetized by urethane and the higher alcohols and cytochrome 
remains in the oxidized form followng the action of these agents 
as well as after treatment with chloroform and ether. Anesthetics 
and cyanide are believed to inhibit at different points. That these 
effects involve brain tissue has been supported by the work of 
Jowett and Quastel? who found narcotic inhibition of glucose 
oxidation in the presence of brain slices in vitro. Jowett’? concludes 
upon further study of anesthetics acting upon brain slices that the 
mechanisms of these depressants lies in their capacity to inhibit cell 
oxidation. 


6 Hadidian, Z., and Hoagland, H., J. Gen. Physiol., 1940, 28, 81. 
7 Hadidian, Z., and Hoagland, H., J. Gen. Physiol., 1941, 24, 339. 
8 Holmes, E., The Metabolism of Living Tissues, 1937, Cambridge University 
Press. 
9 Jowett, M., and Quastel, J. H., Bio. Chem. J., 1937, 31, 565. 
10 Jowett, M., J. Physiol., 1938, 92, 322. 
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Depressants of the barbiturate series are known to suppress respi- 
ration and transform mammals into poikilothermous animals.‘ * 
In contrast to chloretone it would seem that nembutal, a barbiturate, 
may bring about narcosis by shifting some enzymatic reaction 
whose presence can be detected by the measurement of the oxygen 
consumption as a function of temperature. 
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Study of the Papilloma Virus Protein with the Electron 
Microscope.* 


D. G. SHaArp, A. R. Taytor, DorotHy BEearp AND J. W. BEARD. 


From the Department of Surgery, Duke University School of Medicine, 
Durham, N.C. 


Information relative to the physical character of the papilloma 
virus protein’ has been obtained by means of ultracentrifugation,” 
electrophoresis,” * diffusion and viscosity.” Recently, more direct 
studies of this animal virus have been undertaken with the electron 
microscope. In the present paper are described the preliminary 
observations dealing chiefly with data gathered with this instru- 
ment relative to the appearance and size of the virus. 

Papilloma virus protein isolated in 0.05 M phosphate buffer 
pH 6.5 by previously described ultracentrifugal procedures’ was 
diluted with water to concentrations of the order of 0.05 to 0.5 mg 
per cc. The salt concentration in the final solutions was approxi- 
mately 0.005 M. Preparations for study were made by pipetting the 
solutions onto collodion membranes supported on 200-mesh wire 
gauze. Free fluid was removed with the pipette, and the resulting 


11 Herrmann, J., J. Pharm. and Exp. Therapeutics, 1940, 72, 130. 

12 Hemingway, A., Am. J. Physiol., 1940, 134, 350. 

* This work has been aided by grants from Lederle Laboratories, Inc., Pearl 
River, New York, and by the Dorothy Beard Research Fund. 

1 Beard, J. W., Bryan, W. R., and Wyckoff, R. W. G., J. Infect. Dis., 1939, 
65, 43. 

2 Neurath, H., Cooper, G. R., Sharp, D. G., Taylor, A. R., Beard, D., and Beard, 
J. W., J. Biol. Lei, 1941, 140, 293. 

3 Glan, D. G., Taylor, A. R., Beard, D., and Beard, J. W., J. Biol. Chem., 1942, 
142, 193. 

4Sharp, D. G., Hebb, M. H., Taylor, A. R., and Beard, J. W., J. Biol. Chem., 
1942, 142, 217. 
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thin film allowed to dry in the air, For comparison, examinations 
have been made also of mixtures of papilloma and tobacco mosaic 
viruses,t the latter in concentration of about 0.4 mg per ce of the 
mixture. 

The essential findings are illustrated in Figs. 1 and 2. In Fig. 1 
are shown the results obtained with papilloma virus alone. Repeated 
micrographs of 3 different batches of the purified protein have re- 
sulted consistently in observation of the circular images shown in 
Fig. 1. When the protein concentration was kept in the region of 
approximately 0.1 mg per cc, the images were for the most part 
single, though grouping was frequent as seen in Fig. 1. In prepara- 
tions of higher concentration, large groups of particles occurred 
and fewer single images were seen. A regular arrangement of 
images in the groups was not observed. Evidence of material in 
the preparations other than that revealed in the circular images was 
remarkably slight. Since the material examined behaved initially 
as the papilloma virus, it appeared likely that the images seen were 
micrographs of the virus particles. In Fig. 2 is shown a mixture of 


Fie. 1. Rabbit papilloma virus protein. (29,000 Xx.) 

Fig. 2. Mixture of rabbit papilloma virus and tobacco mosaic virus. (27,000 x.) 

These electron micrographs were made at 55 kilovolts, and the magnification in 
the final pictures was caleulated on the basis of measurements on the tobacco 
mosai¢ virus rods which have been reported to be 15 my in diameter. 


+t The tobacco mosaic virus was available through the generosity of Dr. W. M. 
Stanley, Rockefeller Institute for Medical Research, Princeton, N.J. The virus 
had been purified at least 2 months prior to examination, 
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the papilloma virus protein with tobacco mosaic virus. The appear- 
ance of the latter was similar to that described by Stanley and An- 
derson.® Besides the rod-shaped images, there were others which 
had the appearance of fragments’ of tobacco mosaic virus rods. 
These were probably not associated with the papilloma virus as 
they were not seen in preparations of this material in the absence 
of tobacco mosaic virus. 

Measurements have been made of the diameter of 21 papilloma 
virus images in the presence of tobacco mosaic rods as in Fig, 2, 
Similar measurements were made also on the width of 21 tobacco 
mosaic rods. The values obtained for both varied rather widely. 
In the instance of the papilloma virus images, the standard deviation 
was 10.8% of the mean as compared with 12.2% for the diameter 
of the rods. The ratio of the mean diameter of the circular images 
to mean rod width was 2.93, The width of the rods of tobacco 
mosaic virus has been reported to be 15my as determined both by 
X-ray and electron microscope.” On this basis the mean diameter 
of the papilloma virus images was 44.0 mp. 

From the studies thus far made the preparations of the papilloma 
virus protein appear to be of considerable homogeneity with respect 
to particles comparable in size and shape as revealed by the electron 
microscope. Data previously obtained’ by diffusion, viscosity and 
sedimentation studies indicate that the papilloma virus particle 
behaves as if it were an oblate ellipsoid with an axial ratio of 11 if 
hydration is neglected. In the present work, images of the papil- 
loma virus particle have been consistently round, a finding compatible 
with the results of the earlier studies. On the other hand, if the 
particles were actually disc-shaped, then no particles were encoun- 
tered that were not lying flat in the focal plane. Only the round 
form has been seen in aggregates where “rouleau” formation might 
well have been expected though the specimens were dried, The 
electron microscope data are not sufficient to permit a definite 
estimate of the shape of the papilloma virus particle. It is of interest, 
however, to consider the values obtained in the light of previous 
findings by indirect methods. The molecular weight of the papilloma 
protein,’ calculated from sedimentation and diffusion data is 
47,100,000, and the density by pycnometer measurement is 1.32. 
A spherical particle of these characteristics would have a diameter 
of 48.2 mp, a value in good agreement with that of 44.0 mp found 
in the present work. A flat ellipsoid of the same weight and density 
would have a major axis considerably greater than 44.0. 


5 Stanley, W. M., and Anderson, T. F., J. Biol. Chem., 1941, 189, 325. 
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Studies on Histamine Sensitivity and Anaphylactic Response. 
The Effect of Thyroid Extract. 


LAURENCE FARMER AND RENEE Fripourc. (Introduced by 
A. Bernhard. ) 
From the Allergy Clinie and the Achelis Laboratory, Lenox Hill Hospital, New 
York City. 


Administration of large amounts of thyroid extract enhances the 
anaphylactic response of guinea pigs." It has further been demon- 
strated in this species that administration of thyroid extract (or 
of thyroxine) depletes the ascorbic acid® and cholesterol stores* of 
the adrenals. Depletion of the ascorbic acid content of the adrenals 
in guinea pigs in turn leads to depletion of their “cortin’’ content.* 

Cortin deficiency, in our opinion, leads to increased histamine 
sensitivity and thereby to enhanced anaphylactic response. On the 
basis of these considerations we would expect that administration 
of thyroid extract leads to increased histamine sensitivity, The 
following experiments were undertaken to ascertain whether this 
assumption is correct, ‘ 

Experimental, Young adult male guinea pigs weighing on an 
average 350 g were used. They were fed a diet consisting of oats, 
carrots and greens. As there possibly exists a seasonal variation 
in the guinea pig's sensitivity to histamine, control experiments and 
thyroid experiments were done during the same season. 

I. Experiments in guinea pigs fed thyroid extract. 1. Control 
Experiments. Forty-four guinea pigs were used. They were 
divided into 2 groups consisting of 18 and 26 animals. The first 
group received 0.3 mg histamine phosphate per kilo of body weight, 
the second group 0.35 mg histamine phosphate. The histamine in- 
jections were given intravenously (jugular vein) 18 to 24 hours 
after the last feeding, In the first group, 2 animals or 11.1% and 
in the second group, 9 animals or 34.6% died in shock. 

2. Administration of Thyroid Extract. a. In these experiments, 
36 guinea pigs, which were divided into 2 groups of 21 and 15 ani- 


i Képinow, L., Compt. rend. Soe. de diol., 1915, T8, 198. 
2 Demole, V., and Ippen, F., Z. f. physiol. Chem., 1935, 235, 226; Mosonyi, J., 
Tdid., 1935, 2T, 173; Plaut, F., and Bitilow, M., AWin. Wehnschr., 1935, 14, 1818; 
Nespor, E., Compt. rend. See. de diol, 1936, 122, 427. 

3 Hoen, E., Langefeld, H., and Oehme, C., Endokrinologie, 1939, 21, 305. 

4 Giroud, A., and Santa, N., Compt. rend. Soe. de biol., 1939, 181, 1176; Giroud, 
A, Santa, N., and Martinet, M., Jdid., 1940, 184, 23; Giroud, A., Santa, N,, 
Martinet, M., and Bellon, M. T., Jbid., 1940, 184, 100. 
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mals, received orally 5 doses of 0.02 g thyroid extract U.S.P. per 
100 g of body weight by mouth over a period of 5 to 6 days. 
Eighteen to 24 hours after the last thyroid administration and last 
feeding the animals received 0.3 and 0.35 mg histamine phosphate 
per kilo of body weight respectively. In the first group, 18 or 
85.7% and in the second group 11 or 73.3% died in shock, 

b. To exclude the possibility that the high percentage of deaths 
observed in the thyroid-fed guinea pigs was due to instability of 
the autonomous nervous system and not to the injected histamine, 
another group of 10 animals was given thyroid extract in the above 
described manner, Eighteen to 24 hours after the last administra- 
tion of thyroid, each animal received 0,2 ce physiological saline 
intravenously. No reaction to this injection was observed in any 
animal. Twenty-five minutes later, each guinea pig received intra- 
venously 0.3 mg histamine phosphate per kilo of body weight. Fight 
of the guinea pigs died in severe shock. 

II, Ascorbic Acid Determinations. Various authors’ have 
shown that administration of thyroid extract leads to depletion of 
the ascorbic acid stores of the tissues. Assays were done to deter- 
mine the degree of depletion of ascorbic acid in the adrenals in our 
experiments. The method used-was that of Bessey and King.” The 
determinations were made in February and March. 

The ascorbic acid content of the adrenals of 11 normal guinea pigs 
ranged from 64 mg % to 132 mg %. The average value was 
95 mg %. 

Eight guinea pigs were fed 0.02 g thyroid per 100 g of body 
weight 5 times over a period of 5 to 6 days. The ascorbic acid 
determinations were done 18 to 24 hours after the last administration 
of thyroid. The values found ranged from 33 mg % to 57 mg %. 
The average value was 47 mg %, a marked decrease, 

Conclusions. In our experiments, administration of thyroid ex- 
tract to normal guinea pigs greatly enhanced their sensitivity to 
histamine shock. We believe that the enhanced sensitivity to hista- 
mine which follows administration of thyroid extract explains the 
enhanced anaphylactic response observed after administration of 
this hormone. 

Administration of thyroid extract to normal guinea pigs led to 
marked decrease of the ascorbic acid content of the adrenals, De- 
pletion of the ascorbic acid stores of the adrenals of guinea pigs 
leads to depletion of their cholesterol and cortin contents. We 
suggest that the enhanced sensitivity to histamine observed in our 
guinea pigs is due to depletion of the cortin content of their adrenals. 


5 Bessey, O, A., and King, C. G., J. Biol. Chenu, 193 33, , 108, | 687. 
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Yeast Extracts to Overcome Depressant Effects of Germicide 
on Skin Respiration, 


Exvron §, Coox, Corneuius W. Keexe, Sister Mary Repempta 
Breen, CSI And M, Atace Sawyer, (Introduced by S, Tashiro, ) 


Brom the Researek Ladoratortes of the fastitutum Diet Thomeae, Crretnnati, hie, 
and Pata Beaek, Flowda, 


lt is well known that the use of bactericidal agents in wounds is 
hampered by the adverse effects of these agents upon the tissues, 
For example, Bisgard and Baker “believe that there is ample experi- 
mental and clinical evidence that the chemical bactericidal agents, 
which are so generally used to ‘disinfect’ wounds, destroy or 
devitalize the tissue cells with which they come in contact and thereby 
seriously impede the inflammatory response and impair the effee-_ 
tiveness of the natural mechanism of defense.”* 

It is obvious that an agent which would, even in part, offset the 
deleterious effects of bactericides on tissues with preservation of 
adequate bactericidal powers might be of clinical value, 

In the course of studies on the effects of yeast and tissue extracts 
on cellular metabolism we observed that certain yeast extracts 
antagonized the toxicity of phenylmercuric nitrate and 2-butyl- 
p-hydroxybenzoate for molds.” Tt appeared to us that such extracts, ” 
and particularly certain fractions known to increase tissue respira- 
tions might serve to protect the tissues from the toxic action of 
germicides, 

As a measure of tonicity to tissues we used the respiratory-de- 
pressing effect of the germicide since respiration is a_ satisfactory 
index of tissue vitality’ and since a number of workers have pro- 
posed a manometric method of germicide evaluation based upon 
the correlation of the tonic effects of germicides with their respira- 
tory-depressant activities on organism and “host tissue® In line 


x Riggant od Dy, and Baker, ©. Py Sura Gynecol, Odster, 1942, 74, 20, 
2 Ceaok, B.S. and Roeke, GQ Wy Vetere, 1940, 146, O88, 
¥ Ceek, ES S. Rroke, GC Wy and Natiad, TE. G, Studies Fast, Diet Phemae, 1938, 
RB, 2. a 
4 Adams, PL DY area Dermatol. and Sypaitol, 1936, 86, 606; Cook, BE, S,, 
Chem, Prodacts, 18, 1, GF, and W898, BSB; Amersbach, J, C, Nutini, G. G@, and 
eek, B.S, trek, Dermatol, Sweriiel. IAL, 43, 949; Manifold, M,C, Pree, Rey. ” 
See, Med, 1940, SB, 12, 

5 Bronfonbdrenner, J, Hershey, A. Dy and Doubly, J, J. Bae’, 1089, 87, I83;_ 
Bly, J. DY Tote, 1W8Q, BS, 891) Greig, M. EL and Hoogerheide, J, CG, Tota, 1941, 
4k, 540, SST: Baker, B Harrison, RL Wy and Miter, BOB J. Bap. Med. 1941, 
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with these findings, we had also.noted that, with certain fractions 
from yeast, ability to stimulate yeast respiration paralleled ability 
to increase yeast proliferation.® 

The experiments reported in the present paper concern the toxic 
effects of phenylmercuric nitrate on rat skin as observed by 
manometric determination of skin respiration, the overcoming of 
these toxic effects by the addition of a yeast extract, and a comparison 
of the germicidal efficiency of the drug on Staphylococcus aureus 
with and without the addition of the extract. 

Respiration measurements were made by the previously described’ 
Warburg method on the abdominal skin of female albino rats 
approximately one year old. Determinations were made at 37.5°C 
in Ringer-phosphate-glucose solution (0.2% glucose, pH 7.2). 
Aqueous-alcoholic yeast extracts were prepared as described pre- 
viously’ from Fleischmann’s bakers’ yeast and corresponded to 
Fraction A of the earlier work.’ A stock culture of S. aureus ob- 
tained from our bacteriology laboratory was grown in nutrient 
broth. Commercial basic phenylmercuric nitrate (Merphenyl Ni- 
trate, Hamilton Laboratories ) was employed. 

Fig. 1 shows a typical experiment on the effects of phenylmercuric 
nitrate and of a crude yeast extract upon the respiration of rat 
skin, Each point represents the average of 3 determinations, which 
agreed within 10%, on skin from the same animal. Curve I rep- 
resents the respiration of rat skin under the experimental conditions. 
In Curve IJ skin and phenylmercuric nitrate (1:100,000 final con- 
centration) were present at the beginning of the experiment. The 
toxic effects of the germicide are evident, and at the end of 60 
minutes the skin was,respiring 24% below the control. At this 
time, yeast extract was tipped from the side arm to give a concentra- 
tion of 10 mg of solids per cc (1%). An increase in respiration 
rate is apparent and the slope of the remainder of Curve II approaches 
that of Curve I. In Curve III skin and yeast extracts were present 
at the beginning of the experiment. At the end of 60 minutes a 
48% stimulation of skin respiration exists. Addition of phenyl- 
mercuric nitrate at this time reduces the respiratory rate to that of 
the control, with the net result that the respiratory depressant effect 
of the germicide is offset. 

In another set of 3 determinations, doubling the concentration 
of germicide (1:50,000) doubled the inhibition of skin respiration 
(46% inhibition as compared with 24% above). Addition of 1% 
of yeast extract at the end of 60 minutes was ineffective in off- 


6 Cook, E. 8., Hart, M. J., and Stimson, M. M., Biochem. J., 1940, 34, 1580. 
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Fie. 1. 
Effects of phenylmercuric nitrate and yeast extract on respiration of rat skin. 
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setting the germicidal depression, but the addition of the yeast ex- 
tract one hour prior to the addition of the germicide reduced the 
inhibitory effect of the latter from 46% to 20%. Thus, this con- 
centration of yeast extract did not overcome the greater depression 
previously caused by a higher concentration of germicide but it did 
afford protection when added in advance of the germicide. Addi- 
tion of a mixture of germicide (1:100,000) and yeast extract (1%) 
after 60 minutes had no effect.on the respiratory rate, suggesting 
either that the inactivation occurs by some sort of combination 
between the active substances or that the active ingredient of the 
extract reaches the respiratory systems of the cell at least equally 
as readily as the germicide. 

Repetition of the experiments with different veast extracts gave 
results which accorded qualitatively with the above and differed only 
in amounts of stimulation or depression. This would be expected 
with the use of unstandardized. preparations. A total of 38 deter- 
minations was made. 

Entirely: similar experiments on the respiratory antagonism be- 
tween phenylmercuric nitrate and yeast extract have been carried 
out using yeast in place of skin, and the relation between respiratory 
depression and toxicity has been developed by means of methylene 
blue staining and parallel experiments on the effects of germicide 
and yeast extract on growth of yeast in liquid and solid media. 
These experiments will be reported elsewhere. 

In order to see whether the overcoming of toxicity of phenyl- 
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mercuric nitrate for skin by the yeast extract was accompanied by 
a loss of toxicity for a typical infectious organism, the following 
experiment was performed in duplicate. Two sets of tubes each 
containing 10 cc of nutrient broth were inoculated with a loop of a 
3-day broth culture of Staphylococcus aureus. In one set of tubes 
were incorporated dilutions of phenylmercuric nitrate and in the 
other were incorporated the same dilutions of phenylmercuric nitrate 
plus 1% (by weight) of yeast extract. After 24 hours’ incubation 
at 37.5°C the amount of growth was determined by centrifugation 
in Hopkins tubes. Results of a typical experiment are shown in 
Table 1. The yeast extract used for this experiment was the same 
as that employed in the respiration experiment of Fig. 1. It is 
readily seen that the yeast extract increases the growth of S. aureus 
in broth and allows growth in dilutions of phenylmercuric nitrate 
up to 1:1,000,000 which are otherwise germicidal. However, in 
dilutions of germicide of 1:500,000 or less no growth occurs even 
in the presence of 1% of yeast extract. Similar results were 
obtained when S. aureus was grown on nutrient agar and the amount 
of growth was determined by planimeter measurements of the 
colonies. Results on the solid medium showed somewhat greater 
variation than those obtained in-broth, the latter checking almost 
exactly. 

From the experimental results above it is evident that the toxicity 
for skin of dilutions of phenylmercuric nitrate as low as 1:100,000 
can be offset by 1% of yeast extract. Such dilutions of germicide in 
the presence of 1% of yeast extract are still completely effective 
against S. aureus. Thus, it should be possible to maintain germi- 
cidal efficiency while minimizing toxic action on the host tissue. 
Preliminary experiments have indicated that combinations of phenyl- 
‘mercuric nitrate and yeast extract also retain germicidal power 
against £. coli and a hemolytic strain of S. aureus when tested by 
the cup plate method, and similar combinations permit the growth 
of chick epithelium in tissue culture. An extension of these studies 


TABLE I. 
Effect of Phenylmercuric Nitrate and Yeast Extract on Growth of S. aureus. 


Growth in ee sediment 


Dilution of — = 
phenylmercuric nitrate No extract 1% extract 
1:200,000 0 0 
1:300,000 0 0 
1:400,000 0 0 
1:500,000 0 0 
1:1,000,000 0 001 
1:2,000,000 0 -001 


No phenylmercurie nitrate 005 007 
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together with clinical investigations are now in progress. 

Summary, One percent of an aqueous-alcoholic yeast extract 
protects rat skin against the toxic effects of phenylmercuric nitrate 
in a dilution of 1:100,000 as determined by respiration measure- 
ments. A similar amount of yeast extract does not impair the 
germicidal efficiency of phenylmercuric nitrate against S. aureus in 
dilutions as low as 1:500,000 under the test conditions. Protection 
of host tissue against toxic action of germicides with maintenance of 
germicidal properties is thus suggested. 
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Failure of Yellow O.B. to Produce Neoplasms. 


KANEMATSU SUGIURA, 
From the Memorial Hospital for the Treatment of Cancer and Allied Diseases, 
New York City. 


Both butter-yellow (/-dimethylaminoazobenzene) and o-amino- 
azotoluene are known to be highly effective in producing liver cancer 
in rats. Since the former dye has been used to color oils, oleo- 
margarine, and other vegetable fat substitutes for butter, and Yel- 


low O.B. (1-e-tolylazo-2-naphthylamine), and Yellow A.B. (i-phenyl-- 


azo-2-naphthylamine), oil-soluble coal tar dyes are permitted in 
this country to color foodstuffs, the possibility of their acting in an 
analogous manner to butter-yellow cannot be overlooked as these 
substances are somewhat related in structure to butter-yellow and 
o-aminoazotoluene (Fig. 1). 


fe 
S-N=NXD-NCHe)a -n=NQ 
(Butter -Yellow) (Yellow O. B) 
NH 
>-N=N->-NHa O-NNEQ 


CH; CH, : 
.B. 
(0-Aminoazotoluene) (Yellow - ) 


Fie. 1. 


1 Sugiura, K., and Rhoads, C. P., Cancer Research, 1941, 1, 3. 


OE  _ Eee 


YELLOW O.B. AND EXPERIMENTAL LIVER CANCER 215 


In view of this fact, it seems desirable to determine whether or not 
ingestion of large amounts of these oil-soluble coal tar dyes would 
lead to production of liver cancer. 

Experimental. In the present series of experiments Yellow O.B. 

(National Aniline and Chemical Co.) was tested first because it is 
more commonly used than Yellow A.B. This substance was dis- 
solved in olive oil in the proportion of 6%. Twenty cc of this 
solution was mixed with 1000 g of coarsely ground, unpolished 
Texas rice. The basal diet was supplemented with a small slice 
(about 1 g) of fresh carrot per rat daily. Unlimited water was 
allowed. Thirty-one young adult rats (about 125 g body weight) 
of the Sherman stock were used. 
- The results showed that the daily ingestion of large amounts of 
Yellow O.B. (each animal consumed 7 to 12 mg of the dye daily) 
failed to produce liver cirrhosis or tumors in rats during 78 to 259 
days’ feeding. 

The livers of animals fed the Yellow O.B.-rice diet were very 
pale and yellowish in color. There was no great change in their 
size or shape. The livers had smooth surfaces and histological 
examination showed no evidence of tumors, bile duct changes, or 
abnormal regeneration of the ducts and liver cells, and no abnormal 
nuclear changes. However, there was a lesion consisting of a zone 
of central necrosis about the efferent vein involving a maximum of 
about one-third of the lobule. This acute lesion was not a constant 
finding, and not incidental to the bronchopneumonia. 

The lungs of these animals were very pale with patchy areas of 
redness, but the heart, kidney and spleen showed no great changes 
in size, color, or shape. No visceral lesions were seen except for 
bronchopneumonia. No tumor was found in these viscera or else- 
where. 

During the first 80 days the nutrition of the experimental animals 
was good. During the next 70 days, the general appearance of the 
animals was fairly good, but in some instances they appeared under- 
nourished and weakened. Individual animals consumed about 6 to 
10 g of the basal diet. Of the 31 rats studied 23, or 74%, died 
between 78 and 259 days. Control rats maintained on a similar diet 
without Yellow O.B. supplement demonstrated a healthier appearance. 
and among 18 rats, 6 or 33%, died during the corresponding period 
of time. 

Conclusion. Yellow O.B. (1-o-tolylazo-2-naphthylamine) is not 
a carcinogenic substance. 


The author wishes to express his appreciation to Dr. C. P. Rhoads for his interest 
and valuable advice. 
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In vitro Effect of a-Tocopherol Phosphate on Oxygen Consump- 
tion of Muscle from Vitamin E-deficient Animals.* 


O. B. HoucuHin anp H. A. MaAtTrtritLt. 


From the Biochemical Laboratories, State University of Iowa, Iowa City. 


Confirming previous observations' on nutritionally’ dystrophic 
rabbits and rats, Houchin’ recently reported the oxygen consump- 
tion of dystrophic hamster muscle to be much above that of normal 
muscle. It was also demonstrated that within 27 hours after admin- 
istration of a-tocopherol acetate to the dystrophic hamster, the Qos 
of the muscle was reduced toward normal value without significant 
regeneration of normal muscle status as indicated by a persistent 
high chloride content. 

These observations naturally suggested that a-tocopherol may play 
a role in the normal processes of muscle metabolism. The data in 
this paper establish the fact that a-tocopherol phosphatet acts in 
vitro on muscle cells from vitamin E-deficient animals to lower 
the excessive oxygen consumption toward the normal. 

Vitamin E-deficient rabbits, hamsters, and adolescent rats were 
studied. The oxygen consumption of muscle slices was determined 
in the usual manner in the Warburg apparatus. The control medium 
was a modified Locke-Ringer’s solution; to prepare the experi- 
mental medium 5 mg a-tocopherol phosphate were dissolved in a 
few drops of water and made up to 100 ce with the Locke-Ringer’s 
solution. The solution was well shaken immediately before the 
required amount was measured out. The results are expressed as 
Qoz (cubic millimeters of oxygen per milligram dry weight per 
hour ). 

As seen in Table I the oxygen consumption of muscle from E- 
deficient rabbits and hamsters in the medium containing a-tocopherol 
phosphate was 41.3% and 35.7% lower than that of slices from the 
same muscle in the unsupplemented medium. The oxygen con- 
sumption was thus considerably reduced toward that of normal 
animals, 

The oxygen consumption of the muscle of control animals was 


* Aided by a grant from Parke, Davis and Company. 

1 Victor, J., Am. J. Physiol., 1934, 108, 229; Madsen, L. L., J. Nutrition, 1936, 
11, 471; Friedman, I., and Mattill, H. A., J. Physiol., 1941, 181, 595. 

2 Houchin, O. B., Proc. Fed. Am. Soc. Hap, Biol., 1942, 1, 117. 

+ Kindly sent to us by Hoffman-LaRoche, Ine. 
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TABLE I. 
The in vitro Effect of g-tocopherol Phosphate on the Oxygen Uptake of Muscle 
from Vitamin E-deficient and Normal Animals. 


Qo, (averages) 


| me Ty 
Exper., 
Locke’s Sol. 
containing 
Animal and No. of Control, 5mg % 
condition exper. Locke’s Sol. a-tocopherol PO, % decrease 
E-Def. Rabbit = 2.54 1.45 41.2 
E.-Def. Hamster 5 2.89 1.86 35.7 
E.-Def. Hamster, destroyed* 2 0.07+ 0.06 
Normal Hamster i 1.74 1.78 —0.8 
Normal Rabbit 2 1,34 1.40 —4.3 
H-Def. Rabbit, treatedt 2 1.72 1.62 6.2 


*Tissue slices dropped in boiling Locke’s solution, and heated 3 minutes, 
+Given a therapeutic dose of 25 mg g-tocopherol acetate 48 hours previously. 
not altered beyond experimental error by the medium containing 
a-tocopherol phosphate. When the Qo2 had already been lowered 
by previous administration of a-tocopherol to dystrophic rabbits, 
the addition of a-tocopherol phosphate to the medium caused no 
significant change. The Qos of muscle slices after immersion for 3 
minutes in boiling Locke-Ringer’s solution was negligible and was 
not influenced by a-tocopherol phosphate. The a-tocopherol phos- 
phate thus participates in a biological system and does not act 
merely as a chemical antioxidant. The results with rats were less 
striking and the creatine content of the various muscles could not be 
correlated with the respiratory data. Results with a-tocopherol in 
vitro have been inconclusive; whether the emulsion secured was 
not sufficiently fine, or whether tocopherol requires phosphorylation 

to be active, are open questions. 

Since a-tocopherol phosphate did not affect the Qo. of normal 
muscle or of muscle from dystrophic animals that had previously 
been given a-tocopherol, it may be assumed that these muscles 
already contained the optimum amount necessary for normal be- 
havior. This would also indicate that some form of a-tocopherol 
acts directly in muscle enzyme systems to inhibit or regulate oxida- 
tion. Certain substituted phenols have been shown to inhibit respi- 
ration in fertilized Arbacia eggs and to inhibit the catalytic activity 
of flavoprotein,* and of cytochrome reductase.*| The phenolic group 
in a-tocopherol may normally provide a point of delay to the progress 
of the oxidative process in muscle tissue. In the absence of 


3 Krahl, M. E., and Clowes, G. H. A., J. Gen. Physiol., 1940, 28, 413; Krahl, 
M. E., Keltch, A. K., and Clowes, G. H. A., J. Biol. Chem., 1940, 136, 563. 
4 Haas, E., Harrer, C. J., and Hogness, T. R., J. Biol. Chem., 1942, 148, 341. 
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a-tocopherol, oxidation would be unimpeded at this point and could 
continue at an excessive rate, Information on the enzyme systems 
concerned is necessary to an understanding of the rdle of tocopherol 
in muscle physiology, 
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Plasma Volume Changes Following the Intravenous Injection of 
Pectin and Physiologic Saline in Man. 


SAMvueEL D, JAconson* AND CHARLEY J. SMYTH, 


From the Department of Medicine, Wittiam J. Seymour Hospital, Eloise, Mteh, 


The use of pectin as a blood substitute in the treatment of) 
patients in shock has been proposed.' Since the rationale for the 
administration of pectin is to increase the plasma volume, informa- 
tion regarding the effect of this material upon the plasma volume 
is desirable. The present investigation was undertaken to determine 
the influence of the intravenous injection of a 0.75% solution of 
pectin? upon the plasma volume, and to compare the results with 
similar observations following the intravenous injection of physio-. 
logic saline. 

Nine male patients, who were normal with respect to the cardio- 
vascular system were studied, The plasma volume was determined 
by the method of Gibson and Evans’ as modified by Gibson and 
Evelyn’ using “Evans Blue’ dye (T-1824). In 5 patients after 
the initial determinations were made, pectin solution was injected 
intravenously at a rate of 10 ce per minute. In 2 patients dye was 
reinjected and the plasma volume was redetermined immediately 
upon completion of the pectin infusion, In 3 patients the second 
plasma volume determination was made 4 hours after the end of the 
pectin infusion. In all cases a final determination was made at the 
end of 24 hours. Similar determinations at ;_ Corresponding time 


* Upjohn Fellow in Research, 

1 Hartman, F. W., Schelling, V., Harkins, H, N., and ae. B, Ana Surg, 
1941, 114, 212. 

+ We are grateful to Dr, Frank W. Hartman of the Henry Ford Hospital, 
Detroit, Mich, for his codperation in supplying us with the peetin solution used 
in these experiments, 

2 Gibson, J. G., and Bvans, W. A. J. Clin, Invest, 1987, 16, 801, 

3 Gibson, J. G, and Hvelyn, K. Ay JM Clin, Drvest,, 1988, 17, 158, 
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intervals were made in 4 patients following the intravenous injection 
of 1000 ce of physiologic saline, 

Results. Table I shows the results obtained following the injec- 
tion of an average of 690 cc of pectin in 5 patients as compared with 
the results in 4 patients each of whom received an intravenous in- 
jection of 1000 ce of physiologic saline. In the first 2 cases the 
plasma volume immediately following the injection of pectin was 
increased by an amount corresponding to the volume of pectin 
solution injected. In the next 3 cases the plasma volume 4 hours 
after the end of the pectin injection was significantly increased, 
the amount of increase being greater than the volume of the pectin 
solution injected. At the end of 24 hours the plasma volume was 
approximately its initial value in 2 patients (J.P., R.M.) while in 
3 patients (L.C., J.R., E.W.) a definite increase in plasma volume 
was still present. 

Plasma volume determinations done at corresponding time in- 
tervals following the injection of 1000 ce of physiologic saline 
indicate that immediately after the end of the injection the amount 
of increase in plasma volume was significantly less than the volume 
of fluid injected. At the end of 4 hours following the 1000 ce in- 
fusion the average increase in plasma volume was only 350 cc, At 
the end of 24 hours the plasma volume was approximately the initial 
level. 

Discussion, We have determined the alterations in plasma volume 
following the intravenous injection of 0.75% pectin solution and 
physiologic saline in 9 men with no cardiovascular disease, ‘The 


TABLE TI. 


Increase P.V.inee Increase P.V,inee Tnerease 


Initial Amt P.Y. in ce or 4 hrs after or 24 hrs after 


plasma vol., injected atendof decrease endof decrease end of decrease 
Patient ee ce infusion ce infusion (co infusion 
Pectin a 7 
8 2760 750 8540 +780 2800 + 40 
BGs 2700 675 3300 +600 2940 +240 
J.R. 2710 750 3630 +920 2830 +120 
E.W. 3150 | 625 3820 +670 8580 4-480 
R.M. 3730 650 4700 -+-970 8720 — 10 
Avg 689 +690 +8538 +164 
Saline 
Rey 3490 1000 8980 +490 8540 + 50 
R.K. 3025 1000 3340 +315 3200 +175 
¥F.D. 3010 1000 8340 +830 2980 — 80 
J.B. 2425 1000 2810 +385 2580 +155 
Avg 1000 +402 +357 + 87 
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method employed permits a direct comparison of the ability of 
various infusions to increase the plasma volume. The data presented 
indicate that the intravenous injection of pectin solution effectively 
increases the plasma volume, and that the degree of increase corre- 
sponds to the amount injected. Furthermore, the increased plasma 
volume persists for at least 4 hours after the end of the infusion. 
In some cases a definite increase in plasma volume was present 24 
hours later. These results are in sharp contrast to those obtained 
following the injection of 1000 cc physiologic saline. Although a 
larger volume of fluid was injected in the 4 experiments in which 
physiologic saline was used, the increase in plasma volume at cor- 
responding time intervals was strikingly less than the amount of 
fluid introduced. 

The 5 patients who received pectin and who at the same time 
received Evans Blue dye (T-1824) for plasma volume determinations 
all developed a purpuric rash on the ninth day after the pectin was 
given. In 2 instances the purpura was associated with swelling and 
moderate pain in several of the large joints. Both joint and skin 
manifestations disappeared entirely within 5 days. Complete blood 
and platelet counts, urinalysis and vitamin C blood level determina- 
tions were normal in each case. Subsequent reinjection of pectin 
in the same patients without determining the plasma volume did not 
produce these symptoms. No such reactions were observed fol- - 
lowing the saline experiments. 

The development of the purpuric skin lesions is probably in some 
way related to the combination of pectin solution and the dye used 
in this study, since pectin given alone to the same patients who had 
previously developed purpura was not associated with this reaction. 
Pectin solution has been given to 125 patients,* and in no instance 
have similar changes been observed. The dye given alone was not 
attended with purpura. The purpuric reactions which we have 
observed are being investigated further. 

The results of this investigation indicate that pectin when injected 
intravenously is effective in producing marked and sustained rises in 
the plasma volume of normal individuals, and that pectin deserves in- 
tensive study to determine its value as a blood substitute for the. 
treatment of patients in shock. 


4 Personal communication, F. W. Hartman, M.D., Henry Ford Hospital, Detroit, 
Mich. 
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A Green Pigment-Producing Compound in Urine of 
Pyridoxine-Deficient Dogs. 


Pau J. Fours AaNp SAMUEL LEpKovsky. (Introduced by 
H. J. Almquist. ) 


From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, and 
the Division of Poultry Husbandry, University of California, Berkeley. 


Lepkovsky and Nielsen’ reported that pyridoxine-deficient rats 
excrete an unidentified compound which can be converted to a green 
pigment by ferric ammonium sulphate. Administration of pyri- 
doxine to the deficient rat stops the excretion of the precursor of the 
green pigment in a matter of hours. 

To see if pyridoxine deficient dogs excrete a similar compound 
these studies were instituted. 

Methods. The basic diet consisted of the following: Washed 
casein 41.4 g, sucrose 29.6 g, Crisco 25.7 g, bone ash 2.0 g, and salt 
mixture No. 185° 1.3 g. The adult mongrel dogs were allowed to 
eat as much of the diet as desired. The dogs received daily by 
dropper : thiamine chloride and riboflavin 60 ug per kilo; nicotinic 
acid, 2 mg per kilo; calcium pantothenate, 0.6 g per kilo, and 
choline, 10 mg per kilo, in addition to vitamins A and D. 

Red blood cell counts, hemoglobin determinations (Evelyn), 
and white blood counts were made at weekly intervals. Hematocrit 
measurements were made by use of Wintrobe tubes. Daily 24-hour 
urine specimens were tested for the green pigment-producing sub- 
stance. To filtered urine made alkaline by addition of ammonium 
hydroxide, ferric ammonium sulphate was added to bring out the 
color. 

Results. A small amount of green pigment-producing compound 
could be demonstrated in urine after the 23rd day on a diet in one 
dog, and after 25 days in the other. The amount was small com- 
pared to that in the urine of pyridoxine-deficient rats, but it could 
be concentrated chromatographically* and found to behave similarly 
to the substance in the rat’s urine. The compound did not increase 
during the period of study, although in one dog the red blood cell 
count, hemoglobin, and hematocrit dropped from 4.5 million, 10.8 ¢ 
and 31 cc to 1.83 million, 2.9 g and 9 cc, respectively, by the 107th 
day of the diet. In the other dog the red blood cell count, hemoglobin, 


1 Lepkovsky, Samuel, and Nielsen, Elmer, J. Biol. Chem., in press. 
2 McCollum, E. G., and Simmonds, N., J. Biol. Chem., 1918, 33, 55. 
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and hematocrit dropped from 6.8 million, 15.3 g and 47 cc to 2.13 
million, 4.2 g and 11.5 cc before pyridoxine was administered on the 
116th day. 

Pyridoxine, 60 pg daily by mouth, was followed by a rise of 
reticulocytes to 14.4% and a rapid rise in red blood cells and hemo- 
globin. After 18 days of therapy the red blood cell count was 4.7 
million, hemoglobin 11.5 g, and hematocrit 42 cc. The green 
pigment-producing compound disappeared from the urine within 48 
hours. 

Pyridoxine-deficient rats whose urine yields large amounts of green 
pigment-producing substance do not develop such profound anemia 
as the dogs. Fifteen pyridoxine-deficient rats had hemoglobin 
values varying from 11.4 to 14.2 g per 100 cc, averaging 13.0 g. 
The hemoglobin of similar pyridoxine-fed rats varied from 15.2 
to 16.5 g, averaging 15.8 g per 100 cc. 

Conclusions. 1. Pyridoxine-deficient dogs excrete small amounts 
of a compound which can be converted to a green pigment by ferric 
ammonium sulphate. 2. Pyridoxine-deficient rats do not develop as 
profound anemia as the deficient dogs. 


We wish to thank Mrs. D. Parsons for making the hemoglobin determinations 
and red cell counts on the rats. 
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Preservation of Avian Malaria Parasites by Low-Temperature 
Freezing.* 


REGINALD D. MANWELL AND GEOFFREY JEFFERY. 


From the Department of Zoology, Syracuse University. 


Since malaria plasmodia cannot be readily cultivated it has been 
necessary to maintain them in laboratory animals wherever they are 
used for research or classroom material, and hence Coggeshall’s* 
demonstration that malaria parasites of the monkey could be pre- 
served for at least 70 dayst in the frozen state seemed to have much 
potential importance. For laboratory use the avian malarias are 
even more widely employed, and so experiments were undertaken 
to apply this technic to them. 


* The authors wish to acknowledge with gratitude a grant-in-aid from Sigma Xi. 
1 Coggeshall, L. T., Proc. Soc. Exp. Biot. AND MzED., 1939, 42, 499. 
+ Later extended to 151 days. Horsfall, F. L., J. Bact., 1940, 40, 559. 
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So far Plasmodium cathemerium, circumflexum, hexamerium, 
lophurae, nucleophilum, relictum var. matutinum, rouxt, and vaughant 
have been successfully preserved in this way. A total of 32 cases 
have been infected with parasites frozen for periods up to 90 days. 
For lophurae, ducks served as hosts; in all other cases female 
canaries were used. 

The technic of freezing and thawing was not different than 
that used by Coggeshall and others, except that a small electric 
rotator was used to rapidly revolve the tubes containing the infective 
mixture during the freezing and thawing process. For convenience 
the freezing was done in a beaker of alcohol maintained at the 
correct temperature by being kept in the freezing cabinet, rather 
than in a specially prepared mixture of alcohol and solid carbon 
dioxide. Thawing was done in water at 42°C. Small Pyrex test 
tubes measuring 10 x 1 cm were used for containers, and the amount 
of blood frozen at a time was generally about 300 cmm. It ap- 
peared to make little difference whether this was defibrinated, or 
diluted with a little physiological citrate solution. 

The most important factors in maintaining viability seemed to 
be speed in the freezing and thawing process, but—contrary to the 
claims made by some others—fairly considerable variations in 
temperature did not appear to be of great importance. It was found 
that the temperature of the alcohol in which the tubes were immersed 
varied occasionally as much as 25°C, depending on whether dry ice 
had been freshly added or was getting low. Temperature deter- 
minations made under these two conditions showed a range of 
trommeanout —75°C to —55°C, 

No differences were observed in the ability of different species of 
plasmodia to withstand freezing, nor is there reason to think that 
they cannot be maintained for periods considerably longer than the 
maximum so far obtained of 90 days. Coggeshall’s success in 
keeping monkey plasmodia for 70 days has already been cited, and 
recently Kessler* has been able to preserve Bartonella muris in this 
way for 11 weeks. 

Nor does the virulence of the plasmodia seem much affected. 
Incubation periods are in some cases quite long, as, for example, 
when Plasmodium nucleophilum was kept frozen for 60 days. Or- 
dinarily parasites would have been demonstrable within a week or 
less, but in this case almost two weeks was required. This suggests 
that a considerable proportion of the parasites are killed. Micro- 
scopic examination of frozen material shows many destroyed erythro- 


2 Kessler, W. R., Proc. Soc. Exp. Bron. AND Mep., 1942, 49, 238. 
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cytes (at least in stained smears) and apparently many injured 
parasites, but there are others which look quite normal. The period- 
icity of Plasmodium relictum var. matutinum, normally very sharp, 
did not seem to be altered in any way. 

Summary, Seven species of avian malaria plasmodia have been 
successfully preserved for periods up to 90 days by low-temperature 
freezing. Very rapid freezing and thawing seem of more importance 
than the occurrence of fairly considerable temperature variations. 
For maintaining stocks of malaria for research or class use this 
method of preservation has much potential importance. It is probable 
that all species of plasmodia cdn be preserved in this way equally 
well. And it does not appear that different stages of the parasite 
are much differently affected. 
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Apparatus for Rapid, Sterile Removal of Chick Embryos 
from Eggs. 


E, “G.. PICKELS: 


From the Laboratories of the International Health Division of The Rockefeller 
Foundation, New York. 


Developing chick embryos are now used extensively for the study 
of viruses and rickettsiae. At present they are used in large numbers 
for the preparation of vaccines against virus and rickettsial diseases. 
However, it has always been extremely difficult to sterilize thoroughly 
the eggshell with ordinary chemical disinfecting agents. In 1939 
Penna* described a technic in which he employed an oxyacetylene 
torch for burning the eggshell open while the egg was rotated slowly 
in an adjustable clamp turned by an electric motor. Penna’s technic is 
satisfactory except that it is too slow. The purpose of this report 
is to describe a modification of Penna’s apparatus which permits a 
considerably faster removal of embryos under sterile condition. 

The apparatus is illustrated in Figs. 1, 2, and 3. The eggs are. 
handled in groups of four carried in shallow metal trays (A). The 
flame of an oxyacetylene torch (B) is applied at the assumed posi- 
tion of the air sac’s margin as each egg is made to rotate through 
one complete revolution; the optimum rate of turning is dependent 
on the resistance to burning shown by the shells of a particular lot- 


1 Penna, H. A., dm. J. Trop. Med., 1939, 19, 589. 
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Metal tray, showing four guides ay he egg holders which suecessively rotate 
about them asthe holders come into contact with a turning disk. The holders 
consist of rubber tubing and a short section of thin metal tubing: 
of eggs, but is usually of the order of 45 rpm. The metal trays 
serve to retain the embryonic fluids which occasionally issue forth 
when a shell cap breaks loose while being flamed. They also perform 
the same function while the caps are being displaced with a sterile 
instrument and while the embryos are being removed. The trays 
and holders can be quickly rinsed in running tap water and then put 
back into service. 

The details of the holders and trays can be seen in Fig. 1. Each 
holder (C) consists of a 15¢-in. length of heavy rubber tubing into 
one end of which is inserted a 1-in. length of brass tubing (D). The 
outside diameters of the rubber and metal are 2% in. and 15¢ in. 
respectively; the wall thicknesses, 3g and 1/32 in. respectively. 
Trays (A) are of 0.025-in. monel metal, 12 in. in length, 3% in. in 
width, and 5 in. in height, soldered on the inside at each corner. 
Equally spaced along each tray are 4 soldered monel metal guides (FE) 
about which the holders can rotate fairly closely but freely. The 
guides taper in angular width from their tops to their bases, 2 of 
them being obtained by sawing through a 1-in. length of 1%-in. 
tubing at an angle of about 20° to the axis of the tubing. All 
soldering must be done with a soldering iron rather than a flame 
to avoid permanently distorting the trays. 

Loaded trays are pulled between 2 metal guiding strips (F, Fig. 2), 
™% in. in height, across the top surface of a table-like stand (G) 
which is covered with sheet metal. Each egg holder in succession 
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Fie. 2. 
Apparatus in operation, showing the oxyacetylene torch being applied to incu- 
bated eggs as the first step in the removal of the shell caps and the sterile extrac- 
tion of the embryos. 


comes into contact with a rotating 3)%-in. disk (H) which causes 
the holder itself to turn about its own guide. Except at its hub, this 
disk is about % in. thick and of slightly conical shape for purposes 
of drainage. The peripheral edge is rounded and knurled. With 
ample lateral freedom the shaft passes to a motor (I) beneath the 
top through a hole of considerably larger diameter, into which is 
forced a thin protective metal sleeve that extends almost to the 
disk. A third metal strip (J) serves to separate the incoming and 
outgoing trays. The left edge of the left guiding strip is provided 
with a downward slope, and one can with a little practice learn to 
maneuver the trays quickly with one hand into or out of the guiding 
channel without disturbing the orientation of the eggs. 

The motor (I, Fig. 3) is a universal, 110-volt, variable speed 
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Fie. 3. 
Side view of apparatus, showing the system of gas pressure regulation and the 
method of mounting below the top surface a low-speed motor which furnishes the 
power for the turning disk that engages the egg holders. 


type of 1/30 horsepower, with a built-in gear reduction system 
yielding a shaft speed of approximately 30 rpm at rated load, or 
roughly 60 rpm with no applied load. A rheostat regulates the 
speed.. A hinged motor mounting (K) permitting lateral move- 
ment, a coil spring (L,) for lateral tension, and a limiting stop (M) 
complete the essential mechanism. However, some form of slip 
clutch to protect the gears is recommended. 

The main stem of the torch is formed from 3/16-in. copper 
tubing, and the brass burner tip is provided with a jet hole .02 in. 
in diameter. For the first stage of reduction the oxygen and acetylene 
regulators (N) are initially adjusted to supply the respective pres- 
sures of 20 and 10 lb per sq in. A second stage of reduction is 
furnished by two low-pressure Hoke Phoenix regulators (O), each 
with fixed adjustments which insure a steady gas supply at a pressure 
of 2 lb per sq in. Final regulation is made with needle valves. Ad- 
justments once properly made do not need to be repeated. The 
regulating system described has given satisfactory service over a 
long period of time. 

Recently Dr. Kenneth Goodner in this laboratory has found that 
ordinary illuminating gas can be substituted for the acetylene, and 
in spite of the lower flame temperature it appears to work equally 
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well with a hole of .028-in. diameter, Furthermore, the gas pressures 
apparently do not have to be adjusted as critically as with the hotter 
flame. The illuminating gas is taken directly from the laboratory 
supply line, and only a single regulator and the needle valve at the 
torch are used to control the flow of oxygen. 

Extensive experience with the apparatus during more than a year 
of operation has shown that a single operator can take care of from 
1000 to 1200 eggs per hour. 
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Toxicity of 3,3'-Methylenebis (4-hydroxycoumarin). 


Cuaries L, Rose, Paut N. Harris ann K, K, Cuen, 
From the Lilly Research Laboratories, Lli Lilly and Company, Indianapolia, 


Dicumarol,* chemically 3,3’-methylenebis(4-hydroxycoumarin ), is 
the hemorrhagic principle isolated by Link and his coworkers.” * It 
can now be prepared synthetically by improved methods.’ The 
substance is responsible for the “sweet clover disease” of cattle,“ * 
and lowers prothrombin level of blood plasma.*"" In view of the 
recent clinical interest in dicumarol,”"" a systematic study of its 
toxicity became highly desirable, 


* Dicumarol ig the collective trademark of the Wisconsin Alumni Research 
Foundation, which controls the use thereof, 

1 Campbell, H, A., and Link, K. P., J, Biol. Chem., 1941, 188, 21, 

2Stahmann, M. A,, Huebner, C, F,, and Link, K, P., J, Biol, Chem, 1941, 
138, 513. 

4 Huebner, C. F., and Link, K, P., J. Biol, Chem., 1941, 188, 529, 

4 Schofield, F. W., J. Am. Vet. M. A., 1924, 17, 553, 

5 Roderick, L. M., J. Am. Vet, M. A,, 1929, 27, 314, 

6 Roderick, L. M., Am. J. Physiol., 1931, 96, 413, 

7 Quick, A. J., Am. J, Physiol., 1937, 118, 260, 

® Campbell, H. A., Roberts, W. L., Smith, W. K., and Link, K, P., J, Biol, Chem, 
1940, 136, 47, 


9 Campbell, H. A., Smith, W. K., Roberts, W. L,, and Link, K, P., J, Biol. Chem, 
1941, 138, 1. WY, 
10 Overman, R, 8., Stahmann, M. A., Sullivan, W. R., Huebner, C, F,., Campbell, 

H. A., and Link, K. P., J. Biol, Chem., 1942, 142, 941, 
11 Butt, H. B., Allen, KE, V., and Bollman, J. 1, Proc. Staff Meet., Mayo Clin, 
1941, 16, 388, 
12 Bingham, J. B., Meyer, O, O., and Pohle, ¥, J., Am. J, Med, Se., 1941, 202, 568, 
14 Meyer, O. O., Bingham, J, B., and Pohle, F, J,, J. A. M, A., 1942, 118, 10038, 
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Single Doses. Mice, rats, and guinea pigs were employed, lor 
both intravenous and oral administration, a fresh stock solution of 
the disodium salt of Dicumarol was prepared according to Professor 
Link’s directions.’ All doses were calculated on the basis of 
Dicumarol, 

Animals receiving lethal doses by intravenous injection died in 
3-4 hours. Amounts greater than lethal doses caused practically 
immediate death preceded by a series of clonic convulsions, Most 
animals surviving sublethal doses showed a prolonged period of 
respiratory depression. The symptomatology after oral administra 
tion was similar to that after intravenous injection, but the period of 
intoxication was longer. Death usually occurred in 3-4 days, or 
complete recovery took place. Bleeding from the nose and anus 
was apparent in many animals. All surviving animals were observed 
for a week before the experiment was concluded. ‘Phe median lethal 
doses (LD; + standard error) determined intravenously and 
orally in mice and rats, and intravenously in guinea pigs, are shown 
in Table I. 

Prolonged Admimistration, Four groups of 5, 6, 5, and 5 dogs, 
each received daily doses of 50, 20, 10, and 5 mg per kg, respectively, 
Their weight varied from 5 to-13.8 kg, average 9.14 kg. Dicumarol 
dispensed in gelatin capsules was given by mouth, All animals died 
within 28 days. Careful necropsies were performed, and microscopic 
examinations of viscera routinely made. Hemorrhage into various 
tissues and organs (stomach, intestines, lungs, thymus, and serous 
cavities), and pulmonary edema were present in most of the dogs. 
Of the 21 animals, 5 presented microscopic evidence of central 
necrosis of the liver—moderate in 1 but slight in the remaining 4. 

Five groups of 5 rabbits each were injected by the marginal ear 


TABLE I. 
Acute Toxicity of Dicumarol, 


LDso + SE. 


Animal Avg wt, g Administration No, animals used Ing per kp 
Mice 16.2 Intravenous =—i(ié‘i :*SS*S*~*CK EOL 
Oral 48 282.8 ct 46,56 
Rats 84.5 Intravenous 32 562.18 se 1.79 
Oral 48 541.6 th 67.7 
Guinea Pigs 251.3 Intravenous 32 58.60 z 2.29 


14, Barker, N. W., Butt, H. R., Allen, BE. V., and Bollman, J. L., J. A. M. Ay 
1942, 118, 1003. 

15 Townsend, 8. R., and Mills, EB. 8., Canad. Med. A, J., 1942, 46, 214, 

16 Lehmann, J., Lancet, 1942, 1, 318. 

17 Link, K. P., private communication. 
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vein with daily doses of 2, 1, 0.5, 0.25, 0.1 mg per kg, respectively. 
Their body weight ranged from 1.75 to 2.14 kg, average 1.906 kg. 
The experiment was intended to last 6 weeks, All rabbits on daily 
doses of 1 and 2 mg per kg died within 10 days except one receiving 
the smaller dose, which died on the 29th day. ‘Two out of 5 animals 
on 0.5 mg per kg also died on the 29th day. One out of 5 animals 
died after the 15th dose of 0.25 mg per kg. The other animals 
survived the entire experiment, namely 42 days. Necropsies of the 
rabbits that died revealed a uniform occurrence of hemorrhage and 
pulmonary edema, Out of 13 animals, 6 showed central necrosis of 
the liver—4 moderate and 2 slight. All the animals surviving 42 
doses of 0,5, 0.25, and 0.1 mg per kg were sacrificed for postmortem 
examination, and found normal, 

live groups of 5 mice each ingested various concentrations of 
Dicumarol in food—0.5, 0.1, 0.05, 0.01, and 0.005%, respectively. 
The majority of them died within 9 days; others within 23 days; 
and 2 survived 30 days on 0.005% of the drug in food, Of the 23 
mice which died from Dicumarol, hemorrhage and pulmonary edema 
were the prominent features, while central necrosis of the liver 
occurred in 2 animals, The 2 surviving animals were normal, 

Six groups of 5 rats each were similarly fed Dicumarol in food— 
1, 0.5, 0.1, 0.05, 0.01, and 0.005'% respectively. Twenty-one ani- 
mals died within 9 days; 4 within 18 days; and 1 on the thirty-first 
day, One rat survived 30 days on 0.01% of Dicumarol, and 3 on 
0.005%. Wemorrhage into various tissues and organs, and pul- 
monary edema were observed in most rats. Of the 25 animals 
examined which died from the toxic action of Dicumarol, 13 showed 
central necrosis of the liver. An example is given in Fig. 1. No 
pathologic changes could be detected in the 4 rats surviving 30 days 
of medication, 

Comment, The above data indicate very clearly that Dicumarol 
is a drug toxic to animals, particularly by prolonged administration. 
As in the “sweet clover disease’ of cattle, hemorrhage into tissues 
and organs is the most prominent feature of those animals which 
die from the administration of this substance. Pulmonary edema 
is also frequently encountered. ‘The rat’s liver appears to be more 
susceptible to Dicumarol than that of other species of animals, often 
displaying central necrosis, although the same lesion may occasion- 
ally occur in mice, dogs, and rabbits—more so in the last. It must 
be realized, of course, that these experiments were carried out under 
the most severe conditions, and that the results recorded in the pres- 
ent work should not be used as arguments against further careful 
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Fie. 1. 
Action of Dicumarol on the Rat’s Liver. 

Rat numbered 16, female, weighing 100 g, was fed Dicumarol, 1% in food. It 
died on the sixth day. The daily food intake was recorded. The animal had 
ingested a total of 140 mg of the drug during the first 3 days, and it refused to 
eat thereafter. At autopsy the liver was found to be most affected. Note the 
central necrosis and leucocytic infiltration. 


clinical trials. There is a possibility that amounts corresponding 
to therapeutic doses may be harmless. Our plea is the same as that 
of clinicians ;** *° that is, the administration of Dicumarol must be 
controlled by definite criteria such as the prothrombin determination 
and other appropriate tests. 

Summary. (1) The median lethal doses of Dicumarol have been 
determined intravenously or by mouth in mice, rats, and guinea 
pigs. (2) Death uniformly occurs in rabbits with intravenous in- 
jection of daily doses of 1-2 mg per kg; in dogs with oral adminis- 


18 Meyer, O. O., Bingham, J. B., and Axelrod, V. H., Am. J. Med. Sc., in press. 
19 Shapiro, S., Sherwin, B., and Gordimer, H., Ann. Surg., in press. 
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tration of daily doses of 5-50 mg per kg; and in mice and rats with 
the feeding of 0.01-1% Dicumarol in food. The majority of rabbits 
can tolerate daily doses of 0.1-0.5 mg per kg by vein for 6 weeks, 
and a few mice and rats can survive 30 days on a diet containing 
0.005% Dicumarol. (3) Most animals dying from Dicumarol 
develop hemorrhage into various tissues and organs, and pulmonary 
edema. Central necrosis of the liver has been observed in about 
one-half of the rats examined, and occasionally in rabbits, mice, and 
dogs. 
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Anesthetic Activity of Some New Derivatives of Barbituric 


Acid.* 


Tuomas C. ButLER AND Mitton T. Busu. (Introduced by 
P. D,:Eamson. ) 


From the Department of Pharmacology, Vanderbilt University School of Medicine, 
Nashville, Tenn. 


This is a study of 7 barbituric acids which, so far as we are aware, 
have not previously been referred to in the literature. 

We have found all of these compounds to be anesthetic in mice. 
The anesthetic and lethal doses are shown in Table I. The cor- 
responding data for two familiar drugs, pentobarbital and evipal, are 
included for comparison. 

Methods. Animals. Male white mice were used in all of the 
experiments. 

Admimstration of Drugs. All drugs were given as freshly pre- 
pared solutions of the sodium salts. (The doses shown in Table I are 
expressed in terms of the acid form.) The concentrations of the 
solutions were such that the mice received about 0.012 cc of solution 
per gram of body weight for the intravenous doses, about 0.017 cc 
per gram for the intraperitoneal anesthetic doses, and about 0.025 cc 
per gram for the intraperitoneal lethal doses. In the determination 
of the intravenous anesthetic doses, the injection occupied a period 
of % minute. 


* This work was aided by a grant from Mallinckrodt Chemical Works. The 
first five compounds listed in Table I were kindly made for us by Mallinckrodt 
Chemical Works. The other two new compounds were synthesized in this laboratory. 
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TABLE I. 
Anesthetic Doses, Lethal Doses, and Recovery Times as Determined in Mice by 
Injection of Solutions of Sodium Salts. 


Intravenous Intraperitoneal 
Melting r > ~ Recoveryt 

point AD 50* AD 50 LD 50t time, 

Barbiturie acid °C, corr. mg/kg mg/kg mg/kg min 
5-isopropyl-5-isobuty] NGO M6 63.5 = 1.5 76.0 21.8 231 s2 4 25 
5-n-butyi-5-sec-buty] 135-138 ~ 46.6:2.0.9 63.8221:2 2042 9 16 
5-n-butyl-5-isoamy] 170-172 ~23.7#1.2 1164244. 600 +35 1 
5-sec-buty]-5-isoamy] Isaaios. ‘oc. 0.7 83.6 2.7 1243 8 2 
5-n-propyl-5-n-amy| 124-128 408405  88642.7 232410 + 
5-n-propyl-5-n-hexy] 114-116 484+%2.6 1110+2.6 302413 1 
5-n-propyl-5-n-hepty1 112-3714 92:423.1 132.045.7 269+ 16 15 
pentobarbital SO OSLO Acro OFF) aac 2 28 
evipal 29.2 + 1.0 1d 28625 .4 1 


62.5 


* AD 50—Median anesthetic dose. 

t LD 50—Median lethal dose. 

tSee Methods. 

Median Doses. The median anesthetic doses (AD 50) and median 
lethal doses (LD 50) were estimated by interpolation on the assump- 
tion that the curve relating log dose and proportion anesthetized 
or killed is the integrated normal frequency curve. In Table I the 
median doses are accompanied by their standard errors, calculated 
by the equations given by Bliss.* 

Criterion of Anesthesia. A mouse was considered anesthetized 
if it could not gain and maintain the standing position after stim- 
ulation by repeated pinching of the tail. 

Recovery Times. A dose 1.25 times the previously determined 
AD 50 was given intravenously. The interval between the end 
of the injection and the recovery of the degree of righting ability 
described above was measured. The value shown in Table I is the 
median recovery time observed in a series of 11 mice. 


The anesthesia produced in mice by all of the new compounds 
except isopropyl-isobutyl-barbituric acid is as quiet as that produced 
in this animal by any of the well known barbituric acids. Except 
for a fine rapid tremor of the legs which is sometimes seen in the 
light stages of anesthesia, the mice are well relaxed. The anesthesia 
with isopropyl-isobutyl-barbituric acid is not so smooth.  Clonic 
spasms of the legs are much more pronounced, and occasionally a 
brief generalized convulsion can be elicited by stimulation. These 
convulsive movements are more conspicuous with small doses, large 
doses producing a rather quiet anesthesia. In mice the convulsive 
effects of this drug are no more intense than those of some of the 
widely used barbituric acids (e. g., dial and evipal). 


1 Bliss, C. I., Quart. J. Pharm. and Pharmacol., 1938, 11, 192. 


234 X-Ray Errect In CO RECOVERY 


The recovery times shown in Table I, which furnish a rough index 
of the relative persistence of action of the compounds, indicate that 
they are all rather short acting. The longest acting of the new com- 
pounds has a duration of action of the same order as that of pento- 
barbital ; the shortest acting, of the same order as that of evipal. 

The first 3 of the new compounds show a brief delay in the full 
development of anesthesia after an intravenous injection. In the 
mice receiving the dose 1.25 times the AD 50, the mean lag for 
these three compounds was, respectively, 3 min, 4% min, and 5 sec. 
The other 4 new compounds had no appreciable lag. 

Early work with the barbituric acids led to certain inferences 
regarding the relation between structure and activity. It is these 
generalizations, doubtless, that have discouraged further investiga- 
tion of derivatives of the type presented here. For example, the 
generalizations arrived at by one worker in this field’ included 
these: (1) That the sum of the carbon atoms in the 2 substituent 
groups in the 5-position is 7 in the most effective compounds; (2) 
that the greatest dissimilarity in the 2 groups gives the greatest 
activity; (3) that if both groups are larger than ethyl, less effective 
compounds result. The activity of the compounds studied here 
shows that none of these rules is generally applicable. 

Summary. The anesthetic activity in mice of seven new 5,5- 
dialkyl-barbituric acids has been studied. Intravenous anesthetic 
doses, intraperitoneal anesthetic doses, intraperitoneal lethal doses, 
and duration of action were measured. 
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Nature of the X-ray Effect in CO Recovery.* 


Joun A. Cameron. (Introduced by C. W. Turner.) 


From the Department of Anatomy, University of Missowri, School of Medicine, 
Columbia, Mo. 


Rapid recovery from severe carbon monoxide poisoning under 
X-ray treatment” * and spectrographic evidence of the reduction of 


2Shonle, H. A., Ind. Eng. Chem., 1931, 28, 1104. 

* This study was aided by a grant from the Research Council of the University 
of Missouri. 

1 Cameron, John A., Proc. Soc. Exp. Bion. AND MeEp., 1939, 42, 29. 

2 Cameron, John A., Radiology, 1941, 36, 486. 
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blood CO after X-ray treatment® have previously been reported. A 
recent publication has described progressive discontinuous stages of 
decreased resistance to CO among young rats and rabbits during 
the first few days after birth.* . 

Some attempts have lately been made to determine the factors 
responsible for these phenomena. Each of several kinds of effects 
has been considered and there may be others not yet investigated. 

The release of reserve red cells from the spleen in response to 
X-ray injury to circulating cells has often been described,® but a 
latent period, or lag, of 6 hours or more is associated with this process. 
In CO recovery the effect must be maximal within so short a time 
after the onset of asphyxia that the release of this reserve seems to 
be ruled out. 

Possible recombination of CO and O, in the blood and tissues to 
form CO, and reduce the amount of CO present was checked in 
12 experiments carried on in CO and O, saturated water at body 
temperature. In none of these tests was the amount of CO, (de- 
termined as carbonate) significantly increased by X-ray exposures 
of 500-2,000 r. Actual differences in cc of standardized HCl used 
were: 0.4-0.55; 0.45-0.5; 0.07-0.27 ; 0.35-0.3; 0.45-0.42; 0.4-0.25; 
0.18-0.1 ; 0.1-0.15 ; 0.2-0.25 ; 0:1-0.05 ; 0.2-0.15; 0.3-0.41, an average 
of 0.09 when a difference of 0.2 might be significant. Dr, Daniel 
Mazia and Dr. Lloyd B. Thomas kindly advised me in this work. Dr. 
L, J. Stadler, of the U. S. D. A. and the Department of Field Crops, 
University of Missouri, generously provided the X-ray services for 
the work discussed here. 

A series of experiments with whole blood of Rhesus monkeys, 
saturated with CO by shaking in a flask while connected to a tank 
of CO were next undertaken. Half of each CO saturated sample 
was placed in each of 2 petri dishes and 1 was exposed to 650- 
1000 ry. Spectrographic analysis by Dr. Victor Ells showed no 
significant difference in the CO content of X-rayed and control 
samples. Actual readings were 1.17-1.21; 0.90-0.96; 1.11-1.117; 
1.47-1.48; 1.17-1.21; and 1.31-1.40; an average difference of 0.05 
when a difference of 0.10 is necessary for significance. 

The reduction of CO in the blood of intact animals is almost 
always accompanied by striking changes in the depth and frequency 
of breathing. The inspirations of animals in deep CO coma are 
not only much shallower but much less frequent than in similarly 


3 Cameron, John A., Proc. Soc. Exp. Bron. AND Mmp., 1941, 46, 558. 
4 Cameron, John A., J. Cell. and Comp. Physiol., 1941, 18, 379. 
5 Downey, Hal, Handbook of Hematology, 4 Vol., New York, 1938. 
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exposed animals after X-ray. The spikes on the kymograph records 
of “CO plus X-ray animals’’ are 3 to 5 times as high as those on 
the records of “CO animals.” In monkeys’ the rate of inspiration 
per minute was 78 for “CO animals” and 132 for “CO plus X-ray 
animals.” (Average of data from 6 pairs of experimental animals). 
These observations suggest that the X-ray effect is brought about 
by stimulation of the nervous system to produce greater and more 
effective ventilation at the critical time during recovery. 

In newborn rats and rabbits the survival time in CO is 10 times 
that of the adults, or even more. During the first weeks of life the 
survival times decrease by 5 discontinuous steps to the adult level.* 
These shifts in susceptibility take place during the early postnatal 
period when the development of the nervous system is being com- 
pleted. The longer survival in CO of younger subjects may be due 
to the greater resistance of the respiratory center in control during 
early life. The abrupt changes to shorter survival periods can 
perhaps be correlated with the shifting of respiratory control to 
higher and more delicate centers with increase in age. 

When revival by X-ray treatment is attempted on rats and rabbits 
under 8 days of age no favorable results are obtained. In 20 litter- 
‘mate pairs of rats and 19 littermate pairs of rabbits between 1 and 
8 days of age no significant prolongation of life among the X-rayed 
animals was noted. This seems to support the concept of respiratory 
center stimulation rather than that of direct effect on the respiratory 
chemistry of the organism. Apparently CO inhibition of the center 
of respiratory control in very young animals is not subject to X-ray 
reversal. 

It is suggested that during the process of CO poisoning in older 
animals the respiratory centers may be successively inhibited from 
higher to lower, reversing the sequence by which they assume control 
during the first 3 weeks of life. Inhibition of the usual center of 
respiratory control in older animals by CO may then be subject to 
X-ray relief because the X-ray excites to temporary functional 
activity centers early discarded by the developing animal. These 
centers need only remain active until the usual adult centers have 
recovered sufficiently to resume their normal role. 
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Studies on the Anticoagulant 
3,3’-Methylene-Bis-(4-Hydroxycoumarin). 


R. K. RicHarps ANd RutTH CORTELL. 


From the Abbott Laboratories North Chicago, Ill. 


Recent reports on experimental and clinical studies of 3,3- 
methylene-bis-(4-hydroxycoumarin), (Dicumarol*), a substance 
originally isolated from spoiled sweet clover and capable of decreas- 
ing the prothrombin content of blood in vivo, have indicated the pos- 
sible application of this material in clinical medicine. 

The history, chemical isolation, synthesis and assay of Bess 
methylene-bis-(4-hydroxycoumarin) have been described in a num- 
ber of papers by Link and associates.~° Experimental and clinical 
investigations have been conducted by Butt and associates,° as well 
as by Meyer and coworkers.” * Further data have appeared in the 
American’ and foreign’ " literature. 

Unlike heparin, Dicumarol does not inhibit blood coagulation in 
vitro, It exerts its anticoagulant effect following oral or parenteral 
administration, but there is a considerable latent period whichever 
route is used. This publication deals with its efficacy in preventing 
thrombosis and its toxicity. 

Meyer and coworkers’ attempted to demonstrate the ability of 
the Dicumarol to inhibit experimental thrombosis, but they found 


* Dicumarol is the collective trademark of the Wisconsin Alumni Research 
Foundation, which controls the use thereof. 

1 Campbell, H. A., Roberts, W. L., Smith, Wm. K., and Link, K. P., J. Biol. 
Chem., 1940, 136, 47. 

2 Campbell, H. A., and Link, K. P., J. Biol. Chem., 1941 188, 21. 

3Stahmann, M. A., Huebner, C. F., and Link, K. P., J. Biol, Chem., 1941, 
138, 513. 

4 Campbell, H. A., Smith W. K., Roberts, W. L., and Link, K. P., J. Biol. Chem., 
1941, 138, 1. 

5 Overman, R. 8., Stahmann, M. A., Sullivan, W. R., Huebner, C. F., Campbell, 
H. A., and Link, K. P., J. Biol. Chem., 1942, 142, 941, 

6 Butt, H. R., Allen, H. V., and Bollman, J. L., Proc. Staff Meet. Mayo Clin. 
1941, 16, 388. 

7 Bingham, J. B., Meyer, O. O., and Pohle, F. J.. Am. J. Med. Sct., 1941, 
202, 563. 

8 Meyer, O. O., Bingham, J. B., and Axelrod, V. H., Am. J. Med. Sci., in press. 

9 Centr. Soc. f. Clin. Res., J. A. M. A., 1942, 118, 1003. 

10 Lehmann, J., Lancet, 1942, 1, 318. 

11 Townsend, 8. R., and Mills, Edw. 8., Canad. Med. Assn. J., 1942, 46, 214. 
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their methods inadequate. In our experiments we used a method 
similar to the one developed in Best’s laboratory.” Thrombosis 
was produced in the peripheral veins of dogs and the prevention of 
thrombus formation was attempted in other dogs by premedication 
of the animals with Dicumarol. 

Segments of about one inch in length of the radial and saphenous 
veins of dogs were injected through the skin with 0.15 or 0.25 cc of 
ethanolamine oleate (Monolate, Abbott), while they were tem- 
porarily excluded from the circulation by finger pressure applied 
on the proximal and distal ends of the segment. This compression 
was sustained for 3 minutes and then relieved, permitting restoration 
of circulation. Two to 4 veins were used in each of 4 animals. 
These segments of the veins were removed 3 to 7 days after the 
injection and were examined histologically. The data are assembled 
in the table. As the results indicate, thrombus formation follows 
this procedure in almost all cases, particularly when the veins were 
removed 6 or 7 days after injection. 

In the next series of experiments, 4 dogs weighing 6 to 9 kg were 
given 10 or 25 mg daily of Dicumarol by mouth. Their plasma 
prothrombin time was determined before and during the adminis- 
tration by Link’s* modification of the method described by Quick. 
We used the whole plasma and a 25 and 12.5% dilution, as recom- 
mended by Link and coworkers. Coagulation time of whole blood 
was measured by the method of Lee and White. (See table.) The 
prothrombin time of these dogs rose within 36-48 hours and then 
increased rapidly, while the coagulation time increased less markedly. 
Three to 5 days after the feeding with Dicumarol was started, 
Monolate was injected in 3 veins of each dog as described above. 
The administration of Dicumarol was continued at the same level. 
The veins were removed 3 to 6 days after the injection through a 
small incision which was carefully closed, in some cases with the 
local application of thrombin powder. In spite of these precautions 
the wounds oozed considerably and a blood transfusion of 100 cc 
given to 2 of the dogs was of temporary benefit only. All 4 died 
of anemia due to hemorrhage a few days after the veins were re- 
moved. Careful histological examination of all veins was made. 
As can be seen in the table, 8 of the 12 veins showed no change at all 
except a hypertrophy of the wall in one of them. A slight fibrin 
deposit was present in one vein and beginning or moderate thrombus 
formation in two. Only one vein showed an extensive thrombosis. 


12 Murray, D. W. G., Jaques, M. A., Perrett, T. S., and Best, C. H., Surgery, 


* 1937, 2, 163. 
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TABLE I. 
Thrombus Formation by Intravenous Monolate Injection and Inhibition of Thrombosis by 
Dicumarol. 
Prothrombin time of 
12.5% plasma. Below in 
Vein ( ) blood coagulation time 
Daily removed, Histological > 
dose, No.of Monolate, days findings On day of 
Dog mg doses ce after inj. (thrombosis) Normal monolate inj. 
A 0 25 3 —-+ 
0 25 7 +++ 
B 0 15 3 + 
0 15 6 ++ 
0 25 3 + 
0 25 6 +++ 
C 0 15 3 (+) 
0 15 7 +++ 
0 25 3 (+) 
0 25 7 +++ 
D 0 15 3 (+) 
0 15 7 +++ 
0 25 3 > 
0 25, 7 +++ 
I 10 7 25 3 Negative 40.577 491.0” 
10 re 25 5 ay (5/12//) (8/0/7) 
10 7 15 5 Hypertrophy of wall; 
no thrombus. 
a 10 15 25, 5 Negative 33.4/7 279// 
10 15 25 6 Sir aiate (4/2077) (6730/7) 
10 15 2x .25 6 Negative 
III - 25 7 25 +2 40.97” 196.2/” 
25 7 025 5 Slight fibrin deposit (5/0/") (7/30/) 
25 7 15 Negative 
IV 25 9 25 6 Negative 32.6” aly @keg 
25 9 25 6 + (5/077) (5/0/7) 
25 9 25 6 (+) 


(+) Some fibrin deposits. 
+ Intima damage and beginning thrombosis. 
+-+ Wall adherent thrombus; lumen not completely occluded. 
+++ Completely or almost completely occluding thrombus with advanced organization. 
Thus, the administration of Dicumarol in the doses selected was 
capable of greatly reducing the incidence of thrombus formation as 
compared with untreated controls. 

Histological examinations of the tissues of the 4 dogs dying as a 
result of operation during the Dicumarol administration were per- 
formed. The general picture was that of advanced anemia, and of 
particular interest was the occurrence of fatty infiltration of the 
liver and scattered zones of necrosis in this organ in 2 of these 4 
dogs. While the mechanism of the prothrombin depression pro- 
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duced by Dicumarol is not yet understood, it is possible that the de- 
pression is a result of a direct toxic action on the liver. For this 
reason a study of liver pathology and liver function appeared indi- 
cated. Two dogs were given 10 or 25 mg respectively of Dicumarol 
for 10 days. The animal having received the 25 mg dose died on the 
11th day of internal hemorrhage. Its liver showed a marked cloudy 
swelling, edema, and areas of beginning necrosis. The other dog 
was killed and autopsied. Here the liver showed a moderate degree 
of cloudy swelling, a vacuolization of the cells, but no signs of 
necrosis. Incidentally, a moderate decrease of hemoglobin and RBC 
count occurred in most of the animals, even when no signs of bleed- 
ing could be detected. The WBC and the urine examination did not 
show peculiarities. 

In order to investigate the possibility of functional liver damage, 
bromsulfalein retention and intravenous glucose tolerance were 
studied in 2 dogs weighing 17 and 18 kg respectively. Each dog was 
injected intravenously twice in a 3-day interval with 900 mg/kg of 
glucose and the blood sugar determined before and 15, 30, 60, and 
120 minutes after the glucose injection. Then, each of the 2 dogs 
was injected intramuscularly with 30 mg of Dicumarol daily for 
6 days. Experiments on dogs had shown that a 2% suspension of 
the Dicumarol in tragacanth can be injected intramuscularly and 1s 
effective. However, it does not seem that this mode of administration 
greatly hastens the onset of the effect. Oral administration was 
resorted to for another 9 days on account of pain and swelling fol- 
lowing the repeated injections. Prothrombin times were routinely 
determined. On the last day of the administrations, the glucose 
tolerance test was repeated but failed to show a significant devia- 
tion from the previous control tests in both dogs. Similarly, intra- 
venous bromsulfalein injections with 5 mg/kg given before and after 
the administration of Dicumarol did not reveal an increased dye re- 
tention. The absence of functional liver damage in these experiments 
is in agreement with clinical findings published by Meyer and asso- 
ciates.* 

Experiments in Monkeys (Macacus rhesus). One monkey of 
4 kg weight was given 5 mg/kg of Dicumarol orally daily and an- 
other one of 3.9 kg weight, 10 mg/kg daily. Their plasma pro- 
thrombin time rose rapidly from a normal value of 50 seconds for 
the undiluted plasma to 600-700 seconds within 3 days. While being 
handled, both monkeys contracted minor external injuries and sub- 
cutaneous bruises which resulted in chronic hemorrhage. The ani- 
mals finally became anemic and had to be killed 8 to 10 days after 
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the beginning of the experiments. The autopsies showed a picture 
of marked internal hemorrhage and advanced anemia. One of 
them showed an increased fat content of the liver and both had a few 
areas of necrosis in this organ. The other organs were negative 
except for a marked capillary dilation and a moderate degree of 
cloudy swelling. 

Experiments in Guinea Pigs. Three groups of 6 animals each 
were formed. The first group was kept on a normal diet, the second 
one received a daily injection of 50 mg of vitamin C in addition to 
this diet, and the third group consisted of animals which were kept 
on a vitamin C-free diet for the last 2 weeks and through the duration 
of this experiment. All animals were given orally 25 mg of Di- 
curmarol every second day until death occurred. The average survival 
times for the 3 groups were 5, 4.5, and 3.5 days respectively. While 
the small number of animals makes a statistical evaluation imprac- 
tical, a tendency of the vitamin C-depleted animals to succumb earlier 
to the Dicumarol is apparent. This is in agreement with observations 
made by Sullivan in Link’s laboratory."* 

Histological examination of the livers in several animals of all 3 
groups showed a tendency to fatty infiltration and degeneration and a 
few foci of early necrosis. An identical picture was observed in 
guinea pigs kept on a vitamin C-free diet without administration of 
Dicumarol. Such changes were found to be entirely reversible 
after normal dietary conditions were restored to the vitamin C-de- 
pleted animals. A connection between vitamin C level and sensitivity 
to Dicumarol must be considered possible. 

Comments and Summary.  3,3-methylene-bis-(4-hydroxycou- 
marin), Dicumarol, was shown in our experiments to be able to 
greatly reduce the incidence and degree of thrombus formation fol- 
lowing the intravenous injection of Monolate in dogs. In dogs and 
monkeys some signs of necrosis of the liver were found in a number 
of animals, but since most of them suffered from a severe anemia, 
the significance of this finding is questionable. The livers of guinea 
pigs treated with the sweet clover factor showed changes as they 
occur in vitamin C-depleted animals. Intravenous glucose tolerance 
and bromsulfalein retention tests failed to show liver damage in 
animals not suffering from bleeding due to the administration of the 
drug. While this is in agreement with clinical findings, further 
studies of the physiology of this substance with particular reference 
to liver function appear indicated. 

Our present experience shows that there is a considerable difference 


13 Sullivan, W. R., Doctor Dissertation, Univ. Wisc., Madison, May, 1942. 
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in tolerance between various species of animals and also among the 
individuals of the same species, ‘The observation that single blood 
transfusions in dogs in a state of extreme depression of the pro- 
thrombin level were of only temporary benefit, is paralleled by simi- 
lar clinical findings'’* and calls for particular care in avoiding 
excessively high dosage, 
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Comparative Studies of the Effect of Thiamine Deficiency in 
Diabetic and Non-Diabetic Rats, 


CHARLES W, Styron, Henry St, Georce Tucker, Jr., ALISON 
FERNALD Ruopes, Topp CRANE SMITH AND ALEXANDER MARBLE, 
(Introduced by Elliott P. Joslin, ) 


Irom the George Il’, Baker Clinie, New Lngland Deaconess Hospital, Boston. 


Certain workers" * * have claimed amelioration of human diabetes 
with the use of thiamine, particularly when given in combination with 
other vitamins. Martin" reported intensification of diabetes in de- 
pancreatized dogs on a vitamin B-free diet, with remarkable im- 
provement in carbohydrate tolerance when thiamine and flavin were 
given, On the other hand, in normal rats, Lepkovsky, Wood and 
Evans’ found the glucose tolerance impaired only in the later stages 
of deficiency and McIntyre and Burke" noted very little change in 
glucose tolerance, either with deficiency or excess of vitamin B. 

The present study was undertaken to determine the effect of depri- 
vation of thiamine on the diabetic condition of depancreatized rats 
and to ascertain whether or not diabetic animals, when deprived of 
thiamine, develop signs of deficiency more readily than those without 
diabetes. It was hoped that the results obtained might elucidate the pos- 
sible rdle of vitamin B, and specifically of thiamine, in the peripheral 
neuritis encountered in patients with severe, uncontrolled diabetes.‘ 


1 Vorhaus, M. G., Williams, R. R., and Waterman, R. &., dm. J. Digest. Dis, and 
Nutrition, 1985, 2, 541. 

2 Labbe, M., Nepveux, F., and Gringoire, J. D., Bull. Acad. de Med., 1988, 
109, 689. 

8 Mosonye, J., and Aszodi, Z., Klin. Wehnsehr., 1988, 17, 887. 

4 Martin, R, W., 7. Physiol. Chem., 1987, 248, 242, 

5 Lepkovsky, §., Wood, C., and Evans, H, M., J. Biol, Chem,, 1980, 87, 289. 

6 McIntyre, A. R., and Burke, J. C., J. Pharm. and Bap, Therap, 1988, 64, 465, 

7 Joslin, E. P., Root, H. ., White, P., and Marble, A., Treatment of Diabetes 
Mellitus, 7th Wdition, Philadelphia, Lea & Mebiger, 1940, 254-257, 
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This neuropathy clinically seems comparable to the peripheral 
neuritis in known vitamin BB deficiency associated with beribert, 
alcoholism, pregnancy and gastro-intestinal disturbance In this 
connection, Meiklejohn,” ” citing the findings of certain recent 


1 concludes that polyneuritis results not from a 


investigators,'” 
deficiency of thiamine, but from a lack of other factors present in 
whole yeast. He states that the only certain consequence of pure 
thiamine lack is a disturbance of carbohydrate metabolism, resulting 
in impaired glucose tolerance and the accumulation of lactic and 
pyruvic acids in the tissue 

Methods. Male white rats of the Yale strain, from 3 to 10 
months old, were used All had been depanereatized at the age ot 
27 to 37 days.” Diabetes was proven in all rats by glucose tolerance 
tests, although not all animals excreted sugar on the ordinary dog 
chow diet. ‘The rats were placed in individual metabolism cage 
Food, water, urine and urinary sugar were measured daily and thie 
animals were weighed twice weekly 

Prior to the metabolism study, all diabetic animals were maintained 
on a stock dog chow” diet, with a daily supplement of 5 g of raw 
beef pancreas, At the Start of the . xpermment the y Were placed Of) 
a vitamin B-free ration consisting of sucrose 54%, casein ( Labeo, 
vitamin-free) 35%, Crisco (Primex) 5%, cod liver oil 2%, and 
Phillips & Hart salt mixture No, 1°°4%, he available carbohydrate 
of this diet is 75%, 

Glucose tolerance tests were done under narcosis with sodium 
pentobarbital after a fast of 17 hours, Wlood from the tail for de 
termination of sugar content was taken fasting and at intervals of 
Y,1, 2, 3, and 5 hours after the intraperitoneal injection of 0.35 g 
of glucose per 100 g body weight in the form of 10% solution, 
The sugar estimations were done by the Folin-Malmros method,”* 

Fourteen diabetic and 5 non-diabetic rats were maintained for 3 
to 4 weeks on the diet outlined above together with 25 y of thiamine, 


§ Meiklejohn, A. P.,, New Lng, J, Med., 1940, 228, 265, 
9 Meiklejohn, A. P., New Ling. J. Med, 1941, Z2ZA, 420, 

10 Williams, BR. D., Mason, H, L., Wilder, &, M., and Smith, GB, ¥., Arch, Int, 
Med., 1940, Bs, 745, 

11 Elsom, K, O'#., Lukens, ¥. D, W,, Montgomery, 4, H,, and Jonaa, L, J, Clim. 
Invest. 1940, 19, 153, 

12 Shapiro, B., and Pincus, G., Proc, Soc, Bxv, Biow, asp Mup,, 1936, B4, 416, 

* Pratt ’s, stated by the manufacturers to contain erude protein 22%, erude fat 
2%, erude fibre 5%, carbohydrate 61% and nitrogen-free extract 56%, 

14 Phillips, VP. H., and Hart, 6, B., J, Biol, Chem,, 1925, 109, 657, 

14 Folin, O., and Malmros, H., J, Biol, Chem, 1929, BB, 115, 
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20 y of riboflavin, 200 mg of autoclaved rice polish concentrate and 
50 mg of choline chloride daily, At the end of this period control 
glucose tolerance tests were carried out, Following this, the rats 
were deprived of thiamine while continuing to receive the other 
supplements daily as before. 

Results, Anorexia, lassitude and weight loss appeared at about 
10 days after deprivation of thiamine. The acute stage of deficiency 
(“polyneuritis’) characterized chiefly by paralysis of the hind legs, 
inability to walk and (if untreated) death within several hours, 
was reached on the average at about the 40th day of thiamine depri- 
vation, With the diabetic animals this averaged 39 days and with 
the non-diabetic rats, 45 days. If, however, one non-diabetic rat 
which carried on for 65 days be excluded, the average length of time 
for this group was 41 days. Furthermore, that the diabetic animals 
were not in as good general condition as the non-diabetic rats at the 
start of the experiment is shown by the fact that the average weight 
of the diabetic rats was 301 g as compared with that of 405 ¢ for 
the non-diabetics, the ages of which were comparable. No signifi- 
cant correlation between the severity of diabetes and the time of 
development of signs of deficiency was apparent. 

At the beginning of the period of deprivation, 9 of the 14 diabetic 
rats were excreting sugar in the urine. As anorexia developed and 
the food intake became less and less, glycosuria gradually diminished. 
Glucose tolerance tests done just before the period of deprivation 
and at approximately 10-day intervals until the development of 
polyneuritis, showed no consistent change. The tests performed on 
the 14 diabetic rats after approximately 3 weeks of deprivation 
showed an impairment of tolerance in 5 animals, improvement in 3 
and no significant change in 6. No significant change in tolerance 
was noted among the 5 non-diabetic rats studied after 3 weeks of 
deprivation. Two diabetic and two non-diabetic rats, with which it 
was possible to carry out glucose tolerance tests at the time of acute 
polyneuritis, showed impairment. 

When signs of marked deficiency had definitely developed, each 
animal not sacrificed was given 100 y of thiamine orally or subcu- 
taneously daily for 10 days. Improvement began in 4 to 8 hours 
and recovery from weakness and anorexia took place within 2 or 3 
days of therapy. The animals gained weight rapidly. After 10 
days the thiamine allowance was reduced to the original amount of 
25 y daily for 2 or 3 weeks. Then to 5 of the animals, thiamine in 
excess (200 y daily) was given for 10 days. Glucose tolerance tests 
carried out before and after the administration of 200 y of thiamine 
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Fie. 1. 
Improved Glucose Tolerance in 3 of 5 Diabetic Rats Given Excess Thiamine Fol- 

lowing Period of Deprivation. 

Control glucose tolerance curve. 

AA Sa ar G.T. curve after 23 days deprivation of thiamine. 

—o-o-0 G.T. curve during recovery period, after 6 days 100 y thiamine daily. 

—x-x-x G.T. curve after return to maintenance dose of 25 y thiamine daily for 
2-3 weeks. 

—---— G.T. curve after 10 days resumption of excess thiamine, 200 y daily. 


daily showed a significant improvement in tolerance in 3 of the 
animals when compared with that following the period of 25 y 
daily. (See Fig. 1.) 

Conclusions. 1. No significant difference was observed in the 
length of time required by diabetic and non-diabetic rats on a 
thiamine-free diet to develop signs of marked deficiency (39 as com- 
pared with 41 to 45 days respectively). Following treatment with 
thiamine, the diabetic rats recovered as quickly as did the non-diabetic 
animals. 2. During the period of deprivation, the glycosuria of the 
diabetic rats diminished, presumably because of the lowered food 
intake. However, urinary sugar tended to reappear at the final 
stage of deficiency at the time of “polyneuritis’. Carbohydrate toler- 
ance in both the diabetic and non-diabetic rats, as judged by glucose 
tolerance tests, showed little change until signs of marked deficiency 
appeared, when there was impairment of tolerance. 3. Following 
deprivation, a thiamine intake 4 to 8 times the maintenance dosage 
appeared to improve carbohydrate tolerance. 
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Intravenous and Subcutaneous Administration of Alkali-Treated 
Bovine Serum Albumin to Man and Lower Animals. 


Harry A. Davis AND A. G. Eaton. 


From the Departments of Surgery and Physiology, Louisiana State University 
School ef Medicine, New Orleans. 


In previous papers we have recorded the results of the adminis- 
tration of bovine serum albumin to human beings* and to lower 
animals.* The present report is concerned with the use of alkali- 
treated bovine serum albumin in man and other animals. 

Materials. Bovine serum albumin prepared by the method al- 
ready described* was treated with sodium hydroxide solutions. The 
details of the method will be described in a later communication. 
The sterility of the solutions was ascertained before they were used 
for injection. The albumin content of the untreated serum was 
4+ ¢ % and of the alkali-treated serum 3 ¢ %. 

<intigenicity. Male guinea pigs were given 3 subcutaneous in- 
jections of alkali-treated albumin at suitable intervals. Three weeks 
later, a shocking dose of 1 cc was given by the intracardiac route. 
None of the animals died. Only very mild symptoms of anaphylaxis 
such as excitement and rubbing of the nose were noted. Control 
guinea pigs sensitized to untreated albumin revealed typical evidences 
of anaphylactic shock when the final intracardiac injection was 
given. Several animals died. The surviving animals displayed 
severe spasms of the abdominal muscles and dyspnea and were 
noticeably sick and listless for several days. Male white mice 
(hybrid strains) were sensitized by subcutaneous injections to un- 
treated albumin. When the final injection was given through the 
dorsal tail vein, typical anaphylactic phenomena occurred. A paral- 
lel series of male white mice (hybrid strains) which received sub- 
cutaneous injections of treated albumin displayed few or no evi- 
dences of anaphylaxis when the final intravenous injection was made. 
Two dogs which had received treated albumin by vein 2 weeks 
previously, when given a second intravenous injection without anes-' 
thesia exhibited only mild transitory excitement and no typical 
anaphylaxis. 

Texicity. Twelve white mice given intraperitoneal injections of 

1 Davis, H. A., Eaten, A. G., and WilHamson, J., Proc. Soc. Exp. Brobk. AND 


Mep., 1942, 49, 96. 
2 Davis, H. A., and Eaton, A. G., Proc. Soc. Exp. Broz. anp Mep., 1942, 49, 20. 
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treated albumin in relatively large amounts (1 cc per 30 g of body 
weight) and 6 rabbits given intravenous injections (1 cc) showed 
no toxic symptoms. 

Effectiveness for Blood Replacement. To determine the effective- 
ness of alkali-treated albumin as a blood substitute, 3 dogs weighing 
from 3.2 kg to 4.8 kg were used. Under ether anesthesia the right 
carotid artery was cannulated to record the blood pressure. Amounts 
of blood were removed equivalent to one-third to one-half of the 
calculated blood volume of each animal. When the lowered blood 
pressure showed no tendency to rise, alkali-treated albumin in solu- 
tion was administered by vein in amounts sufficient to replace the 
blood which had been removed. The blood pressures rose almost to 
the initial level, where they were maintained. All of the animals 
recovered without any untoward effects and are alive at the time 
of writing. 

Admunistration to Human Beings. Alkali-treated serum albumin 
which had been subjected to preliminary tests for sterility and tox- 
icity was administered to human beings. In 67 male and female 
subjects, skin tests for sensitivity were carried out by the subcu- 
taneous and intracutaneous injection of 0.5 cc of the albumin solu- 
tion. Control injections of 0.5 cc of sterile distilled water were 
given. The skin tests were negative in all cases. Three men 
(H.C., J.J., and H.S.) were each given 50 cc of alkali-treated bovine 
serum albumin by vein at a rate of 5 cc per minute. In 2 of the 
individuals the blood pressure (systolic and diastolic) rose 6 to 
14 mm Hg above the initial level during the injection and slowly 
returned to this level after the completion of the injection, In the 
third subject the blood pressure (systolic and diastolic) did not 
change during or after the injection. The pulse rates were not sig- 
nificantly affected by the injections. Urine collected from each 
subject after administration of the alkali-treated albumin showed 
no albuminuria. One individual (H.S.) had received an intra- 
venous injection of untreated bovine serum albumin (100 cc) 3 
months previously. In this subject, as in the others, no evidences of 
anaphylaxis or toxicity could be observed. Preliminary cross- 
matching tests were not performed. 

Summary and Conclusion. Alkali-treated bovine serum albumin 
when administered by vein or by other parenteral routes is not toxic 
to human beings, dogs, rabbits, guinea pigs, or mice. It possesses 
little or no antigenicity. It is capable of raising and maintaining 
the blood pressure of dogs subjected to severe hemorrhage. These 
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facts suggest that alkali-treated bovine serum albumin may prove 
useful as a substitute for blood in man. 

Note. Since submission of this paper for publication whole bovine 
serum, horse serum, and horse serum albumin have been treated 
with sodium hydroxide solutions. Such sera are not toxic and 
possess little or no antigenicity. Studies on the use of such alkali- 
treated sera for blood replacement in man and lower animals will be 
reported in later communications. 
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Nitrites. X. Effect of Sodium Nitrite Upon the Blood Pressure 
of Unanesthetized Hypertensive Rats.* 


Maurice Ratut anp JoHN C. KRranvz, Jr. 


From the Department of Pharmacology, School of Medicine, University of 
Maryland. 


According to Grollman and his associates’ nitrites and nitrates do 
not appreciably lower arterial blood pressure. An increase in cardiac 
output, they state compensates for the dilatation in the peripheral 
circulation and it is only when this stimulation of cardiac action 
fails that a fall in blood pressure ensues. It is maintained that in the 
case of the anesthetized animal the blood pressure decline is probably 
conditioned by this failure of the heart to respond owing to the 
disordered state of circulation induced by the anesthetic. In order 
to obviate any possible influence upon blood pressure, the experiments 
to be described presently were performed on the unanesthetized 
animal. 

Measurement of Blood Pressure. The systolic blood pressures in 
the tails of rats were determined by the plethysmographic method of 
Williams, Harrison and Grollman.? The drug was not administered 
until a fairly constant level of blood pressure from day to day was 
established. The blood pressure of normal unoperated rats ranged 


* The expense of this investigation has been defrayed in part by a grant from 
the Bressler Research Alumni Fund of the University of Maryland. 

+ The material contained in this paper is part of a thesis submitted by Maurice 
M. Rath to the Faculty of the Graduate School of the University of Maryland in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

1Grolman, A., Harrison, T. B., and Williams, J. R., Jr., J. Pharm. and Exp. 
Therap., 1940, 64, 76. : 

2 Williams, J. R., Harrison, T. R., and Grollman, A., J. Clin. Invest., 1939, 18, 
373. 
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between 75 and 110 mm of mercury, the mode was approximately 
100. The variation from day to day for each rat, after sufficient 
training, was not more than 5 to 10 mm. In this experiment, each 
recording represents the average of 2 successive blood pressure 
readings varying in most cases not more than 0 to 5 mm. 

Operative Technic. Rats were rendered hypertensive by (a) 
subtotal nephrectomy (Chanutin and Ferris*) or (b) bilateral wrap- 
ping of cellophane on the kidneys or (c) unilateral nephrectomy 
combined with unilateral cellophane wrapping, according to the 
method of Page.* The last two procedures were found superior 
because the operation can be performed in 1 stage and a lower mor- 
tality rate results than with subtotal nephrectomy. 

Only about one-half of the animals became hypertensive and it 
took from 2 to 6 months for hyperpiesis to develop. In the majority 
of hypertensive rats the duration of the elevated arterial tension 
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The Effect of Oral and Intraperitoneal Administration of Sodium Nitrite upon the 
Blood Pressure in Unanesthetized Hypertensive Rats. 
Curves A and B show, respectively, the average fall in blood pressure after oral 
administration of 4 mg of sodium nitrite per 100 g and intraperitoneal injection 
of 2.5 mg of the same drug per 100 g body weight. 


3 Chanutin, A., and Ferris, E. B., Arch. Int. Med., 1932, 49, 767. 
4 Page, I. H., J. Am. Med. Assn., 1939, 118, 2046. 
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was limited; 7. e., about 6 months after the peak had been reached 
the blood pressure had fallen considerably. 

Results of Administering Sodium Nitrite. Inspection of Fig. 1, 
which presents the results with a non-toxic, oral dose of 4 mg of 
sodium nitrite per 100 g of body weight, reveals that the blood 
pressure can be reduced by this drug. Twelve experiments were 
performed on 4 rats. The difference between the average blood 
pressure before oral administration (140 mm) and the lowest aver- 
age blood pressure (118 mm, 30 minutes after feeding) was 22 mm 
of mercury. With the standard error of the difference equal to 
3.1 mm, this difference is statistically significant. 

Fig. 1 shows also the results of 12 experiments on the intraperi- 
toneal injection of ‘sodium nitrite (2.5 mg per 100 g of body weight) 
into 4 rats. An average reduction of 24 mm about 20 minutes after 
injection was observed. Statistical analysis shows that the standard 
error of the difference between the original blood pressure (140 mm) 
and the average blood pressure 20 minutes after injection (116 mm) 
is 6.4 mm. 

No symptoms of nitrite poisoning were observed throughout the 
experiments. By oral administration, a dosage as high as 15 mg 
per 100 g was apparently not sufficient to evoke abnormal signs but 
20 or more mg per 100 g was either toxic or lethal. Intraperitoneal 
doses of 10 mg or more were followed by toxic symptoms or death. 

Grollman and coworkers’ reported that inappreciable reductions 
in blood pressure were induced in hypertensive rats when sodium 
nitrite was given in a dosage of 0.1 g per rat per day mixed with 
the animal’s food. Although this method of administration may 
effect a rather uniform and constant supply of the drug, it is con- 
ceivable that so little of the nitrite was ingested or available for 
absorption into the blood stream at any given time that a hypo- 
tensive action was not observed. 

Summary. Sodium nitrite, when administered orally 4 mg per 
100 g or intraperitoneally 2.5 mg per 100 g, reduces the arterial 
pressure of unanesthetized hypertensive rats. 
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Riboflavin Absorption in Pernicious Anemia. 


Curtis E. Meyer, Irvinc F. BurToN AND Cyrus C. STURGIS. 


From the Thomas Henry Simpson Memorial Institute for Medical Research, Ann 
Arbor, Mich. 


Current opinion concerning the cause of the subacute combined 
cord degeneration in pernicious anemia favors the concept that the 
neural changes arise from a deficiency of some unidentified factor 
other than that required for hematopoiesis. Since achlorhydria 
invariably is present in pernicious anemia, the possibility must be 
considered that this condition might result in a decreased absorption 
of certain vitamins. That an avitaminosis might account for the 
neurological changes has been suggested by a number of observers 
among them being Field and his collaborators,” ? Gildea, Kattwinkel 
and Castle,*? Suh and Merritt,* and others. 

Street, Cowgill and Zimmerman’ observed myelin degeneration of 
the peripheral nerves and posterior columns of the spinal cord in 
dogs fed a diet adequate except for riboflavin. Their observations 
suggested the possibility that this component of the B complex may 
play a role in the etiology of subacute combined degeneration of the 
spinal column. In order to determine if pernicious anemia patients 
have a diminished ability to absorb this vitamin, its daily urinary 
excretion by such subjects was estimated. 

Experimental. The experiment was conducted in a manner similar 
to that recently reported for pantothenic acid.° Twenty-four hour 
urine specimens from 12 patients and 12 healthy students and labo- 
ratory workers, who served as control subjects, were collected and 
preserved with benzene and 10 ml of acetic acid. The patients 
obtained hospital meals, while the latter ate unrestricted diets like- 
wise considered to be adequate. The method of Snell and Strong’ 
was used for the determination of the urinary riboflavin. 

The values observed are recorded in Table I. Due to the unre- 


1 Field, H., Jr., Robinson, W. D., and Melnick, D., Ann. Int. Med., 1940, 14, 588. 

2 Robinson, W. D., Melnick, D., and Field, H., Jr., J. Clin. Invest., 1940, 19, 399. 

3 Gildea, E. F., Kattwinkel, E. E., and Castle, W. B., New England J. Med., 
1930, 202, 523. 

4 Suh, T., and Merritt, H. H., dm. J. M. Se., 1938, 196, 57. 

5 Street, H. R., Cowgill, G. R., and Zimmerman, H. M., J. Nutrition, 1941, 22, 7. 

6 Meyer, C. E., Burton, I. F., and Sturgis, C. C., Proc. Soc. Exp. Bion. AnD 
Mep., 1942, 49, 363. 

7 Snell, E. E., and Strong, F. M., Ind. and Eng. Chem., Anal. Ed., 1939, 11, 346. 
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TABLE I. 
Riboflayin Exeretion.* 
Pernicious anemia patients Controls 
; Daily After Daily After 
exeretion, 5 mg dose,? excretion, 5 mg dose,f 
No. 3 ug No. ug wg 
1 107 3830 1 483 3360 
2 15 760 2 770 4750 
3 250 10703 3 1200 2770 
4 980 —_— 4 743 3080 
5 825 2546 5 810 2180 
6 980 4580 6 846 3180 
T _ 4890 7 244 — 
8 _ 441) 8 312 4590 
9 448 _ 9 525 —_— 
10 650 3530 10 615 2790 
il 905, 1600 11 1000 1890 
12 716 1444 12 305 1700 


*ug@ per 24 hours. 

#5 mg riboflavin, Merek, given orally at start of 24-hour period. 

An outpatient not available for further study. 
stricted nature of the diets, of which the riboflavin contents were not 
known, the results cannot be interpreted in the nature of a com- 
parative balance study. Nevertheless, they do serve to indicate 
that achlorhydria apparently does not impair the absorption of ribo- 
flavin. 

More comparable data for the 2 groups of subjects were obtained 
by administering 5 mg of riboflavin in addition to that contained in 
the diets. Following this, the individual quantities excreted, listed in 
Table I, do not reveal any tendency toward a lesser output by the 
patients. 

These results resemble those observed in a similar study of panto- 
thenic acid excretion.* They may be interpreted only as indicating 
that a lack of hydrochloric acid apparently does not result in an im- 
pairment of absorption of the accessory food factors studied. That 
the degeneration of the central nervous system may result from a 
conditioned avitaminosis arising from a lessened food consumption 
over a prolonged period remains a possibility. 

Conclusions. In patients with pernicious anemia, the excretion 
of riboflavin, both before and after oral administration of 5 mg of 
the vitamin, was of the same order as that eliminated by healthy 
individuals. There is, thus, no indication of impaired absorption of 
this compound by such subjects as a result of their lack of hydro- 
chloric acid. 
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Chemotherapy of Chronic Progressive Arthritis of Mice, I, Réle 
of Sulfur in Gold-Containing Compounds. 


WitiiAm S. Preston, Water D. Block AND R. H, Freverra, 
(Introduced by M, H, Soule. ) 


Prom the Rackham Arthritia Research Unit, the Medical School, University of 
Michigan, Ann Arbor,* 


The apparent effectiveness of gold-containing compounds in the 
treatment of rheumatoid arthritis has stimulated interest in’ the 
mechanism by which these substances may act to relieve the symp- 
toms of or arrest the course of this disease, Investigation of this 
problem is difficult because of the chronicity of the disease, lack of 
information concerning its etiology, and the inability to reproduce it 
in experimental animals, ‘The infectious arthritis of mice described 
by Sabin’ provides a tool by which certain aspects of the problem 
may be approached, since this experimental disease resembles 
rheumatoid arthritis in being definitely responsive to treatment with 
gold-containing compounds, 

It seemed pertinent to determine whether compounds containing 
gold might be therapeutically effective because of properties other 
than those conferred by the presence of gold, especially since the un- 
desirable effects which frequently accompany their use are believed 
to be due to the toxicity of this metal, Since most of the compounds 
used in therapy have contained sulfur in addition to gold, the ques- 
tion arose concerning the importance of this element, either for its 
own effect or in combination with gold, One of the more widely 
used compounds and a typical example of one containing both gold 
and sulfur is gold sodium thiomalate (Myochrysine), The con- 
figuration of the molecule of this compound (Table 1) is such that 
one may conceive that the sulfur present might give rise to a sulf- 
hydryl group on reduction, Because of the known importance of the 
sulfhydryl linkage in cellular physiology, it seemed possible that the 
therapeutic effectiveness of this and other gold- and sulfur-containing 
compounds might be due to the presence of this linkage in the 
molecule or its formation in vivo, rather than to the metallic moiety, 
The question as to the necessity of sulfur in any form was raised by 
Sabin’ in his studies of the use of gold compounds in the therapy 


* The Rackham Arthritis Research Unit is supported by the Horace H, Rackham 
School of Graduate Studies of the University of Michigan, 
1 Sabin, A. B., Science, 1939, 89, 228, 
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TABLE L 
Structural Formule of Compounds. Used. 
COONa ; COONa 
Poe are z SH 
nt paneer 
Na f 
Gold sodium thiomalate Sodium thiomala 
oO } ee 
vans COONa ) ) on i 
n= --8-S-- = | Aa-1 8 Na+ 
nb HCH . | No_cu, 
Nemes Na | [ 5 | 
sodium thiomalaie Sodium succinimido-aurate 


of the mouse disease; he believed that results with gold chloride 
ruled out the need of this element. However, the gold chloride was 
highly toxic for the mice, and it was only on the basis of the cure 
of the few survivors of the therapy that this conclusion was made. 

It is the purpose of this paper to report results of studies of the 
importance of the non-metallic portion of therapeutically effective 
gold- and sulfur-containing compounds and the need of sulfur in any 
form for the action of gold. We have confirmed previous work 
showing the effectiveness of gold sodium thiomalate in curing the 
mouse disease, and since this compound is commonly employed in hu- 
man therapy, the use of sodium thiomalate and its disulfide form ap- 
peared to be a satisfactory means of investigating the importance 
of the sulfhydryl linkage Additional study of the réle of sulfur in 
therapy was possible by the use of sodium succinimido-aurate, a 
compound which, in contrast to most gold preparations used to 
treat arthritis, has the gold linked to the rest of the molecule through 
nitrogen, rather than through sulfur. 

Methods. Two strains of pleuropneumoniatike microdrgan- 
isms were used to infect mice. One of these was isolated from the 
lung of a rat showing “bronchiectatic” lesions described by Kliene- 
berger and Steabben.* It produces a progressive arthritis in mice 


indistinguishable from that caused by Sabin’s type B. (Serological 


studies with sera kindly furnished by Dr. Sabin have shown it to be 
similar to or identical with his type E strains obtained from mice. 
It resembles the “mouse type” strains of organisms in morphology, 
2 Sabin, A. B., J. Bact., 1940, 40, 823. 
2 Kliencherger, E., and Steabben, D. B., J. Hyg., 1940, 40, 223. 
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and is apparently different from the L3 type which Klieneberger and 
Steabben found associated with the lung condition.) In addition, 
a type B strain obtained from Dr. Sabin was also used. We have 
found the course of this mouse disease to be essentially as described 
by Sabin.* 

Therapy was begun one week after 50% of mice inoculated with 
0.5 ce of 48-hour ascitic fluid-broth cultures of the organisms 
showed the presence of arthritis; this usually occurred within a 
week following injection. In each experiment, 40 mice were used; 
3 groups of 10 mice each received treatment, and one group of 10 
served as untreated controls; the mice in each treated group received 
a constant dose. Each group of treated mice received a different 
amount of one of the compounds (Table I1) intravenously in 0.5 ce 
volumes on alternate days until 9 or 10 injections had been given, 
unless obvious cure had been obtained before. A therapeutic effect 
was considered to have been obtained when evidence of arthritis 
disappeared from at least 8 of the mice treated with one constant 
dose of the compound. 

The compounds employed are listed in Table II. The sodium 
thiomalate was prepared by the method of Levene and Mikeska ;* 
the disulphide form was made by the oxidation of sodium thio- 
malate.‘ t 


TABLE II. 
Results of Chemotherapeutic Experiments, 
Dose 
= Sa SERA, Aa 
Compound, Gold content, Mice cured,* 
Compound mg mg % 
Gold sodium thiomalate 1.0 0.5 60 
2.0 1.0 100 
4.0 2.0 100 
Sodium thiomalate 1.54 0 0 
: 7.68 0 0 
15.40 0 0 
Disulfide of sodium thiomalate 0.74 0 0 
3.84 0 0 
7.70 0 0 
Sodium succinimido-aurate 0.86 0.25 40 
1.73 0.50 60 
8.65 2.50 100 


*Average of several experiments with two strains of micro-organisms. 


4 Levene, P. A., and Mikeska, L. A., J. Biol. Chem, 1924, 60, 686. 

5 Biilmann, E., Leidig’s Ann., 1906, S48, 120. 

+ Gold sodium thiomalate (Myochrysine) was obtained from Merck and Com- 
pany. Sodium succinimido-aurate was obtained from Inventions, Ine., Chicago, TUL 
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Results. The results of the experiments, summarized in Table IT, 
emphasize the importance of gold in this type of therapy. Even 
when the amounts of sodium thiomalate and the disulphide form of 
sodium thiomalate containing the equivalent of 10 times the maxi- 
mum amount of thiomalic acid contained in the largest dose of gold 
sodium thiomalate were administered, no therapeutic effect was 
observed. It is thus obvious that no part of the therapeutic effect 
of gold sodium thiomalate can be explained on the basis of the 
action of sulfur alone or on sulfhydryl formation. In addition, the 
results with sodium succinimido-aurate rule out the need of sulfur 
in any form. These results demonstrate that, insofar as the mouse 
disease is concerned, the therapeutic effects are dependent on the 
presence of gold in the compounds employed. Further studies are 
being conducted with other heavy metals. 

Conclusions. Arthritis of mice, caused by pleuropneumonia-like 
microdrganisms has been treated with gold sodium thiomalate, so- 
dium thiomalate, the’ disulphide form of sodium thiomalate and 
sodium succinimido-aurate. The compounds containing gold, gold 
sodium thiomalate and sodium succinimido-aurate, were effective in 
curing this disease, the others had no therapeutic effect. Sulfur 
alone or in sulfhydryl linkage is not necessary in order that gold- 
containing compounds have a therapeutic effect. 
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Changes in Plasma Amino Acid Nitrogen Concentration Follow- 
ing Nitrous Oxide and Ether Anesthesia and Surgery. 


Lee E. Farr, D. A. MAcFApyeN, Grant Taytor, A. R. SHANDS, 
Jr., W. R. Fereuson, E. B. Duntap, JR., AND CATHERINE 
JOHNSON. 

From the Alfred I. duPont Institute ef the Nemours Foundation, Wilmington, Det. 


The present observations were made as part of a general study 
of factors influencing the concentration of amino acids in the 
plasma. They are reported at this time because of the growing 
use of amino acid mixtures intravenously during surgical procedures. 

Procedures. Nine patients were observed consecutively. The 
age, sex and operative procedure are noted in Table I. In each in- 
stance a blood specimen was obtained after an overnight fast and 
immediately prior to induction of anesthesia. Subsequently a second 
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blood specimen was obtained after induction of anesthesia with 
nitrous oxide and a third after satisfactory ether anesthesia was 
established and just before actual surgery was started, a fourth at 
the completion of the operative procedure, and a fifth 2 hours post- 
operatively. Loss of blood was negligible during the operations 
and no infusions were given during this time. Each blood specimen 
was drawn, transferred into a chilled paraffined tube, immediately 
centrifuged and the plasma removed. The plasma was then oxalated 
to prevent clotting and analyzed directly for alpha amino acids by 
the ninhydrin-CO, method’ as modified for blood by MacFadyen, 
Van Slyke and Hamilton.’ 

Results. The results are summarized in Table I. In each patient 
a decrease in plasma amino acid nitrogen concentration occurred 
following induction of the anesthesia with nitrous oxide. In 5 
patients no significant change in plasma amino acid nitrogen con- 
centration was noted after the change from gas to ether anesthesia, 
while in four there was a slight decrease. At the conclusion of the 
operative procedure, the plasma amino acid nitrogen concentration 
had decreased further in all patients. Two hours following the 
operative procedure the plasma amino acid nitrogen concentration had 
again decreased in 5 of the patients while in 4 there was a moderate 
increase. The same pattern of change in plasma amino acid con- 


TABLE I. 
Changes in Plasma Amino Acid Nitrogen Concentration Following Anesthesia and Surgery. 
Patient Plasma amino acid nitrogen cone. 
V2, 5 Sa a, Le Sar ae aT Tana, 
Two hrs 
Pre- post- 
oper- After After After oper- 
atively gas ether surgery atively 
Age Sex Operative procedure mg% mg% mg% mg% mg% 
=m | 
15 F Supracondylar Osteotomy, Right 
Femur 4.10 3.79 3.91 3.31 3.02 
16 F Triple Arthrodesis, Foot, Left 4.70 4.21 4.27 3.58 3.24 
1 M Triple Arthrodesis, Foot, Right 4.06 3.74 3.83 3.47 3.66 
8 F Shelf Operation, Hip, Left 4.46 4.27 4.27 3.62 3.83 
10 M Drainage of Psoas Abscess, Left 3.33 2,99 2.97 2.88 2.78 
10 F  Sequestrectomy Saucerization, 
Right Femur 4.43 4.00 3.87 3.42 3.50 
13 M Rotary Osteotomy, Upper Third, 
Tibia, Right 4.60 4,25 4.06 3.58 3.47 
11 M Triple Arthrodesis, Foot, Right 4.46 4.08 4.01 3.48 3.32 
15 F Hallux Valgus, Operative Correc- 
tion 4.94 4.62 4.51 4.15 4.42 
Average 4.34 3.99 3.96 3.50 3.47 
= 


1Van Slyke, D. D., Dillon, R. T., MacFadyen, D. A., and Hamilton, P., 
J. Biol. Chem., 1941, 141, 627. 
2 MacFadyen, D. A., Van Slyke, D. D., and Hamilton, P., to be published. 
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centration was observed in the one patient with chronic hypoamino- 
acidemia (No. 5). 

Discussion, The average plasma amino acid nitrogen concentra- 
tion of this group of patients was 4.47 mg per 100 ml if the one 
patient with chronic hypoaminoacidemia is excluded, This value 
is in good agreement with the previously reported normal of 4,50 mg 
per 100 ml by this method.’ The observed decrease in plasma amino 
acid nitrogen concentration in the patients here reported was much 
greater than day to day fluctuations which we have observed in indi- 
vidual patients, Such fluctuations have remained within the re- 
markably narrow limits of 2.05 mg per 100 ml plasma for periods 
as long as two months if there was no conspicuous change in the 
patient's condition, 

Summary, In 9 children the concentration of amino acid nitro- 
gen in the plasma decreased on the average of 0.38 mg per 100 ml 
following anesthesia with a further decline averaging 0.46 mg per 
100 ml during a surgical procedure, In 5 of the 9, the plasma amino 
acid concentration was lower 2 hours after operation than at the 
conclusion of the operative procedure, 

The pattern of change of plasma amino acid concentration in one 
patient with chronic hypoaminoacidemia was similar to those with 
normal concentrations preoperatively, 

Additional studies are being prosecuted to elucidate an explanation 
of the factors causing the observed changes, 
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The Portal Venous Pressure in Man. 


CARROLL J. Bevuis.* (Introduced by Owen H. Wangensteen. ) 


From the Department of Surgery, University of Minnesota Hospitals. 


Mall® * appears to have been the first to record the portal venous 
pressure in animals under experimental conditions. The later de- 


8 Farr, L. BE. McCarthy, W. C., and Francis, T., Jr, dm. J. Med. So, 1942, 
208, 668, 

“Now Captain in U. S, Army Medical Corps at OReilly General Hospital, 
Springtield, Mo, 

tMall, B, areh. 7. Anat, vw Physiol. (Du Bois-Reymond, physiol. Abt. 1892, 
p. 409). 

2 Mall, F. P., Johns Hopkins Hospital Reports, 1896, 1, 111. 
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terminations by Burton-Opitz®” * ’ were shortly followed by Tiger- 
stedt’s* records. These observers used the technically difficult 
T-cannulation of the portal vein, although this itself probably inter- 
fered with the normal pressure under investigation. In the experi- 
mental animal, we’ have employed cannulation of the divided inferior 
mesenteric vein, cannulation of a divided splenic vein (as suggested 
by Bayliss and Starling ), and T-cannulation of the portal vein itself. 
The height of a column of physiologic saline solution above the 
portal vein sustained in a vertical tube attached to the cannula was 
taken as the portal pressure. In our animal, the portal pressure was 
always about 10 cm saline higher than the venous pressure simul- 
taneously determined in the lower extremity. This communication 
is intended to record a series of portal venous pressures determined 
at laparotomy in man. 

Rousselot’ measured the portal venous pressure in 4 patients with 
Bantis’ syndrome of congestive splenomegaly without cirrhosis and 
observed the presence of portal hypertension—the pressures vary- 
ing between 330 and 465 mm. 

Method, A modification of the method of Griffith, Chamberlain, 
and Kitchell’ was used. The manometer consists essentially of a 
vertical glass tube with a T-cock at the lower end mounted on a 
firm base. One horizontal limb of the cock permits filling the 
manometer with saline to a level above the expected venous pressure. 
The other limb is attached by sterile rubber tubing to a glass 
adapter and hypodermic needle which are filled with saline solution. 
With the abdomen open, the needle is inserted into an omental vein 
by the surgeon, whereupon the T-cock is turned by the observer to 
allow the vertical manometer to communicate with the vein. The 
portal venous pressure is the vertical distance between the top of 
the sustained saline column and the portal vein. The same method 
was used to determine ankle venous pressure at the same time. 

Results, The results in 17 cases are presented in Table I, from 


‘which it may be seen that in every one the portal venous pressure was 
higher than the ankle venous pressure. The average normal portal 


% Burton-Opitz, R., Arch. f. d. ges. Physiol (Pfliiger), 1908, 124, 469. 

4 Burton-Opitz, R., Quart. J. Exp. Physiol., 1912, 5, 329. 

5 Burton-Opitz, R., Am. J. Physiol., 1914, 36, 64. 

6 Tigerstedt, R., Ergebn. d. Physiol., 1920, 18, 1. 

7 Bellis, C. J., and Wangensteen, O. H., Proc, Soc. Exp. Bron. anp Mep., 1939, 
41, 490, 

8 Rousselot, L. M., Surgery, 1940, 8, 34. 

9 Griffith, G. C., Chamberlain, C. T., and Kitchell, J. R., Am. J. Med. Sci., 1934, 
187, 371. 


260 CONVULSIONS AND CONDITIONED REFLEXES 


TABLE I, 
Human Portal and Ankle Venous Pressures Determined Simultaneously at 
Laparotomy (cm saline). 


Case Portal venous pressure Ankle venous pressure Difference 
(a) 

al 18 9 9 

2 17 8 9 

3 21 10 11 

4 16 6 10 

5 20 7 13 

6 17 9 8 

7 14 if uf 

8 18 5 13 

9 20 11 9 
10 17 9 8 
11 21 12 9 
12 19 6 13 
13 22 11 ital 
14 15 8 it 
15 18 7 11 
16 ity 9 8 
Avg 10 

(b) 

17 40 8 32 


(portal cirrhosis) 


pressure was 10 cm saline higher than the average normal ankle 
venous pressure (Table 1a). This value is what may be expected 
in order that the resistance in the portal capillaries may be overcome. 
In this series, normal portal pressures ranged between 14 and 22 cm 
saline. Normal ankle venous pressures ranged between 5 and 12 cm 
saline. In a case of advanced portal cirrhosis with ascites (Table 
I b), the portal venous pressure was 40 cm saline, and the ankle 
venous pressure 8 cm saline, a difference of 32 cm saline. 
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Influence of Metrazol, Insulin Hypoglycemia, and Electrically In- 
duced Convulsions on Reéstablishment of Inhibited Conditioned 
Reflexes. 


E. GeLtworn,* M. Kesster AND H. MiInarToya. 


From the Departments of Physiology and Psychiatry, University of Illinois, 
Chicago, Ill. 


In a series of studies it was shown that convulsions induced by 
metrazol and other convulsant agents or by electroshock as well as 
insulin hypoglycemia are accompanied by an increased excitability 


* Aided by a grant from the John and Mary R. Markle Foundation. 
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of autonomic centers at the hypothalamic and medullary level." It 
was thought that this action is of greatest importance for the shock 
therapy of psychoses and may explain the fact that these procedures 
have similar therapeutic effects although their action on the cortex 
as measured by the electroencephalogram is quite dissimilar.’ 

It seemed probable that hypoglycemic coma and convulsions may 
have in addition to their temporary influence on the cortex as re- 
vealed by the electroencephalogram far reaching effects on cortical 
processes which would be detected best by chronic experiments. 
Therefore the effects of these procedures on the conditioning process 
were studied. 

The experiments were performed on 17 rats which received as 
an unconditioned stimulus a shock inducing them to jump from a 
compartment A across a small partition into the compartment B. 
This reaction was established by a few shocks. Thereafter a bell 
was sounded 2 seconds prior to shock. The sound continued during 
the shock. After the conditioned response (C.R.) was established 
at nearly 100% for 1 to 3 days the C.R. was inhibited by lack of 
reinforcement. When the C.R. response had either completely dis- 
appeared or was present only in 10-20% of the tests the rats were 
subjected either to metrazol convulsions, electroshock or insulin 
coma. Whereas control animals not subjected to these procedures 
showed no spontaneous recovery of the C.R. it was observed that 
the experimental group treated with coma or convulsions regained 
the inhibited C.R. in spite of continued lack of reinforcement. The 
duration of this effect was variable and depended on the number 
of “treatments” and in the case of insulin probably on the depth 
and the duration of the coma. After the effect had disappeared 
for several days the induction of a new coma or convulsions re- 
stored again the C.R. Fig. 1 gives a typical example for the effects 
of insulin, electroshock and metrazol. The fact that these procedures 
in spite of their different action on the electroencephalogram in- 
fluence the C.R. in a similar manner suggests that increased auto- 
nomic discharges demonstrated in previous investigations under these 


1Gellhorn, E., Arch. Neurol. Psychiat., 1938, 40, 125; Am. J. Psychiat., 1941, 
97, 944, 1204; Gellhorn, E., Ingraham, R. C., and Moldavsky, L., J. Newrophysiol., 
1938, 1, 301; Kraines, S. H., and Gellhorn, E., Am. J. Psychiat., 1939, 95, 1069; 
Gellhorn, E., and Darrow, C. W., Arch. Inter. Pharmacodyn., 1939, 62, 114; Yesi- 
nick, L., and Gellhorn, E., Am. J. Physiol., 1939, 128, 185; Domm, S., and Gellhorn, 
E., Arch. Neurol. Psychiat., 1940, 43, 726; Gellhorn, E., Kiely, W. F., and Ham- 
ilton, S. L., Am. J. Physiol., 1940, 130, 256; Gellhorn, E., Feldman, J., and Cortell, 
R., Am. J. Physiol., 1940, 131, 281; Gellhorn, E., and Kessler, M., Proc. Soc. Exp. 
Biot. AND MeEp., 1941, 46, 64. 

2 Kessler and Gellhorn, unpublished observations on unanesthetized rats. 
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Fra. 1. 

The effect of Insulin coma, metrazol and electric shock on the restoration of 
inhibited conditioned reflexes, All rats were conditioned to the bell and after a 
conditioned retiex was established it was Inhibited by lack of reenforeement, The 
records show that these inhibited reflexes are restored by insulin coma (5 units 
insulin per Rilo pels ge ape y and 5 units subeutanecously), metraszol convulsions 
(45 mg per Nile) and electrie shoek applied to the head, 
conditions may be responsible for these cortical effects. It appears 
to be significant for the understanding of the mechanism of shock. 
therapy to point out that the procedures studied in this paper 
presumably act on the cortex by removing inhibitory processes. 
Rose and collaborators® described a single sheep which for unknown 
reasons had lost its previously established C.R. and found that 
repeated insulin comas restored the CR. The present work confirms 
and extends this observation, suggests the mechanism involved and 
indicates that convulsions as well as insulin coma may restore in- 
hibited CR. 
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Antagonism of Anti-sulfonamide Effect of Methionine, and En- 
“hancement of Bacteriostatic Action of Sulfonamide by Urea.* 


Henry M. Tsucrtya, Dantet J. TENENBERG, WinttiAM G, CLARK 
ANpb Ernest A, STRAKOSCH,. 

From the Department of Bacierielegy, Department of Zoology, the Division of 
Dermatology and Syphilelegy, Universtiy of Minnesota, and the Department of 
Dermatology and Syphilelegy, Minneapolis General Hospital, 

Holder and MacKay" have recently reported the use of a mixture 
of strong urea with sulfonamides topically applied to infected 


3 Rase, J. A., Tainton-Pottherg, A. and Andersen, QO. D, Proc Soc. Exe, Bron. 
AND Mima, 1988, SB, 653. 

* Supported by a grant from the General Research Fund of the University of 
Minnesota, 

i Holder, H. G, and MacKay, BE. M., Military Surg., 1942, 90, 509, 
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wounds, Urea markedly enhances the solubility of sulfonamides 
and could thus increase their action, 

Urea offers certain advantages over other substances which have 
been described as having antisulfonamide-inhibitor activity, such 
as azochloramid,”* and certain purines. Such inhibitors are 
methionine,” para-amino benzoic acid, peptone, tissue extracts, puru- 
lent exudates, and so forth.° These advantages are that urea is 
relatively nontoxic ;’ it is a strong peptizing agent, exerting marked 
solvent action on necrotic tissue, pus and debris, and thus chemically 
debrides contaminated wounds and mechanically removes inhibitors; 
it lyses bacteria; it deodorizes foul smelling wounds rapidly; it 
renders sulfonamides more soluble; and it is very inexpensive. These 
properties have been reviewed elsewhere.’ 

In addition, it would be highly important if an antisulfonamide- 
inhibitor action, or sulfonamide-enhancing action could be demon- 
strated for urea, 

Experimental, A. strain of Escherichia coli was selected which 
acclimated itself to a synthetic medium of the following composition. 


NH,NO, 5 g 
NayS0, 5.9 g 
MgSO, 7 01 g 
K,HPO, 24 g 
Glucose 10,0 g 


Tap water to make volume to 1,0 liter, 


Glucose in itself, in concentrations of 0.6 to 2.6%, has been 
claimed to exert some antisulfonamide activity,’ although other 
reports have disagreed with this view.” In our experiments this 
possible effect of glucose was controlled throughout by always using 
the same concentration and proper controls. 

In this preliminary study, sodium sulfadiazine! was selected as the 
sulfonamide, and dl-methionine* as the sulfonamide inhibitor, 

Preliminary experiments were performed to find the tolerance 
range of E. coli in our basal medium to methionine and urea, Experi- 

2 Neter, B., J, Pharm, ond Kup, Therap., 1942, 74, 52. 

# Schmelkes, F, C., and Wyss, O., Puoc, Soc, Exvr, Bio. asp Mup., 1942, 49, 263, 

4 Harris, J, 8., and Kohn, H, 1., J. Biol, Chem., 1941, 144, 989, 

5 Bliss, B, A,, and Long, P. W,, Bull, Johns Hopkins Hosp., 1941, 69, 14. 

6 Marshall, EB. K., Jr., Ann, Row. Physol., 1941, B, 643. 

7 Olson, M., Slider, H., Clark, W. G., and MacDonald, B., Puoc. Soc. Exe. Brox. 
AND Mup., 1942, 49, 396, 

8 Hill, J. H., and Mann, &, ¥., J. Urol, 1942, 47, 522, 

+ Kindly supplied by Dr, Bdward ¥, Roberts, of Lederle Laboratories, Ine, 
+ Reeetee through the courtesy of Dr. D, ¥. Buberteon, of Merck and Co., Ine. 
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ments were also conducted to find that concentration of sodium 
sulfadiazine which would give partial bacteriostasis. Further inhi- 
bition was not desired because complete inhibition would conceal 
any enhancing effect of urea, 

In concentrations below 1.8%, urea may act as an additional source 
of nitrogen for E. colt, but the experiments reported are not suffi- 
cient to demonstrate this possibility, 1.6% urea did not seem to 
show any marked effect on the growth of the test organism, and 
therefore, this concentration was used. 

In concentrations between 1.0 to 100.0 mg 9%, methionine had 
no effect on the size of the populations in our medium, in 24 hours. 

Sodium sulfadiazine was used in 1 mg % concentration in our 
tests because it caused an inhibition of 80% under the conditions of 
‘our experiments, 

After autoclaving, the pH of the basal medium was approximately 
7.0 as measured with a glass electrode. It was unaltered by the ad- 
dition of the concentrations of sodium sulfadiazine, methionine and 
urea used, 

Twenty-five ml amounts of medium containing the various test 
substances were inoculated with 0.1 ml of a 24-hour, synthetic 
medium culture of E. colt so that the initial populations at zero time 
were approximately 800,000 organisms per ml. 

The numbers of bacteria after 24 hours of incubation at 37°C 
were determined by plating out in nutrient agar medium, five replicate 
plates per test culture. Counts were made after 48 hours of incu- 
bation at 37°C, 

Results, The individual plate counts and the averages of the 5 
replicate plates are given in Table I. All counts were made in a 
1 :10* dilution of the original test cultures, except those so indicated. 
The counts are all expressed as 10° organisms per ml of the test 
culture, 

The above figures show that urea overcomes the inhibitory action 
of methionine on the growth inhibitory effect of sodium sulfadiazine 
on E. coli. Furthermore, urea in conjunction with sodium sulfa- 
diazine displays greater growth inhibitory effect than the latter alone 
on E. coli in vitro. 


Discussion and Conclustons. Whether the urea effect is an en- 


hancement of the sodium sulfadiazine effect alone, or a neutralization 
of the methionine effect, or both, cannot be established from this 
preliminary data, although we are investigating this point further. 
However, under the conditions of our experiment, the following 
conclusions seem to be justified: 
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1, With the concentration of sodium sulfadiazine used, approxi- 
mately 80% inhibition of growth of E. coli in synthetic medium 
occurred, 2, In the concentrations used, methionine and urea alone, 
or in combination, displayed no effect on the growth of the test 
organism. 3, Methionine almost completely inhibited the bacterio- 
static effect of sodium sulfadiazine, thus confirming previous reports. 
4, Urea and sodium sulfadiazine together showed a greater growth 
inhibitory effect than the latter alone. 5. Urea neutralized this in- 
hibitory effect of methionine on sodium sulfadiazine and in conjunc- 
tion with the sulfonamide, even though in the presence of methionine, 
displayed a greater growth inhibitory effect than the sulfadiazine 
alone, 

Work is in progress to elucidate the action of urea on the effect of 
other inhibitors and on other sulfonamides. We are also investi- 
gating the action of urea on sulfonamide-fast pathogens in synthetic 
medium, and on the bacteriostatic action of sulfonamides in experi- 
mental and clinical treatment of infected wounds. 


TABLE TI. 


Antagonism of Anti-sulfonamide-Inhibition of Methionine and Enhancement of Bacteriostatic 


Action of Sulfonamide by Urea, 


U + 
Exp Control SAD M_ U U+M U+S8SAD M+SAD SAD+M 
i (impo. al. ae hd Wes (ae a 
ae ee WERE: 1 2 ee a ae 
I - J ary x eee ae CFE 
207 238 214 
170 6252 242 
191 249 229 
183 226 
Avg 189 242 231 
ye 186° 223 48 40 230 “110 * 9.7 159 164 *19.9 *34.8 
197 200 44 35 201 10.0 10.6 164 142 25.0 27.8 
177 207 43 30 233 9.6 118 162 162 18.3 27.1 
231 198 46 28 227 11.4 9.9 189 161 20.5 28.8 
226 229 45 31 236 10.6 10.6 179 157 19.3 31.6 
Avg 208 211 45 33 225 10.5 10.4 171 157 20.6 30.0 
Tt 184 202 43 41 167 184 *14,6 *16.6 207 145 33 32 
196 190 55 51 207 192 16.5 128 214 193 85 35 
218 203 55 57 214 158 15.2 19.0 213 173 34 45 
186 173 30 50 205 164 15.1 13.5 200 157 /40 37 
184 192 52 65 188 190 15.4 16.7 221 173 23 48 
Avg 193 192 46 53 196 177 15.3 15.5 211 168 33 38 


AIL figures represent 106 organisms per ml, 


*Qounts made on 10 dilutions. All others made on 10-6 dilutions. 


BSA 


D—synthetic medium with 1.0 mg% sodium sulfadiazine. 


M—synthetic medium with 1.0 mg% methionine, 
U—synthetic medium with 1.6% urea, 
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Clinical experience’ has confirmed the work of Holder and Mac- 
Kay, and we feel that the beneficial action of urea in combina- 
tion with the sulfonamides in the treatment of infections may be due 
partly to the effects described in this paper. 
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Distribution of Vitamin A in Experimental Liver Damage.* 


HaANs Popper, FREDERICK STEIGMANN AND H, A, DYNIEWICZ. 
From the Cook County Hospital, the Departments of Pathology, Physiology, 


Internal Medicine and Pharmacology, University of Illinois College of Medicine, 
and the Cook County Graduate School of Medicine, Chicago, Il. 


The vitamin A content of cirrhotic livers is low’ ** but in acute 
human” * and experimental’ hepatitis normal amounts are found. 
The blood vitamin A level in acute hepatitis, however, is low® " * 
and hemeralopia appears.*® . Histologically in human cirrhosis and 
hepatitis the vitamin A distribution is markedly altered; the total 
amount often reduced.* To explain these alterations the histologic 
vitamin A distribution in experimental liver damage was studied. 

Sixty-two rats were intoxicated with various doses of carbon 
tetrachloride. Of these 15 were on stock diet; 15 received supple- 
ments of 800 units of vitamin A every other day; 3 each received 
a high fat, high protein and high carbohydrate diet respectively. 
Of 23 vitamin A deficient rats, 13 received one dose of 800 units of 
vitamin A; another 6, 8 mg carotene. The organs were examined 
by routine histology and for vitamin A by fluorescence micro- 


ey 


9 Strakosch, EH. A., Clark, W. G., Tsuchiya, H. M., and Tenenberg, D. J., manu- 
script in preparation. 

* This work was supported by a grant from the Committee on Scientific Research 
of the American Medical Association. 

1 Moore, T., Biochem. J., 1937, 31, 155. 

2 Breusch, F., and Sealabrino, R., Z. ges. exp. Med,, 1934, 94, 569. 

3 Ralli, E. P., Papper, E., Paley, K., and Bauman, E., Arch. Int. Med., 1941, 
68, 102. 

4 Lindquist, T., Act. Med. Scand. (Suppl.), 1938, 97, 1. 

5 Lasch, F., Klin. Wehschft., 1935, 14, 1070. 

6 Lasch, F., Klin. Wehschft., 1938, 17, 1107. 

7 Breese, B. B., and McCoord, A. B., J. Pediatr., 1940, 16, 139, 

8 Wohl, M. G., and Feldman, J. B., Am. J. Digest. Dis., 1941, 8, 464. 

9 Popper, H., Arch. Pathol., 1941, 81, 766. 


10 Popper, H., and Greenberg, R., Arch, Path., 1941, 82, 11. 
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scopy." Some livers were also chemically examined for vitamin 


Within 24 hours after injection of 0.1 ee CCI, lipoid droplets with 
strong vitamin A fluorescence accumulate in the center of the 
liver lobules. These develop by gradual enlargement of the small 
lipoid droplets with vitamin A fluorescence which normally line the 
edge of liver cells. With repeated CCl, injections central necroses, 
proliferation and collapse of the connective tissue develop. The 
central fat droplets become larger and their vitamin A fluorescence 
inhomogenous, the strongest fluorescence being in the immediate 
center, The vitamin A fluorescence disappears from the Kupffer 
and liver cells in the uninvolved peripheral areas and from the fatty 
changes of the intermediary zone. After administration of 5.6 cc 
CCl, in 27 injections within 69 days, a cirrhotic picture develops. The 
lobular pattern is reversed as the original centers are linked by pro- 
liferated connective tissue surrounded by liver cells with extensive 
fatty changes, Vitamin A fluorescence is imparted by only a few large 
fat droplets in the original center and by fine droplets in surround- 
ing histiocytes. All other fat droplets which extend to the original 
periphery are free of fluorescence, 

In rats receiving vitamin A supplements the fatty changes seem 
more extensive, but the connective tissue proliferation is less 
marked, Vitamin A fluorescence in the fatty areas is stronger, and 
the intact areas retain the fluorescence longer, In rats on high car- 
bohydrate diet the fatty changes are less extensive than in those on 
high fat or high protein diet and the normal Kupffer and liver cells 
showed more fluorescence. 

CCl, intoxication of vitamin A-deficient rats produced similar 
fatty changes as in normal rats but without vitamin A fluorescence 
of the fat. If these rats receive a dose of vitamin A or carotene, 
the large fat droplets in the center of the lobules acquire the fluores- 
cence, whereas the histologically unaltered peripheral areas do not. 
Chemically less vitamin A is stored in the liver of the vitamin A- 
deficient rats with CCl, intoxication than in control deficient rats 
after feeding the vitamin. If both groups of rats are continued on 
vitamin A-deficient diet, the depletion of the smaller vitamin A 
stores in the large fat droplets of the intoxicated rats takes as long 
as that of the larger stores in the Kupffer and liver cells of the 
controls, | 


11 Josephs, HW, W., Bull, Johns Hopkins Moasp., 1939, 65, 112. 
12 Cameron, G, R., and Karunaratne, W. A, ¥., J. Path,, 1936, 42, 1, 
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The change in the histologic vitamin A distribution during CCl 
intoxication indicates a shift of vitamin A from morphologically 
intact peripheral areas of the lobules to the central fatty areas, This 
shift exceeds the altered fat distribution since small fat droplets in 
the normal periphery and medium sized ones in the intermediary 
zone are free of vitamin A fluorescence. It is problematic whether 
vitamin A actually moves from the periphery to the center, or 
whether it is more utilized from the periphery than from the central 
large fat droplets. ‘The latter take up the vitamin faster and release 
it slower than the intact areas as shown by the repletion and depletion 
experiments respectively of vitamin A-deficient rats, ‘This supports 
observations that in human liver damage the blood vitamin A level 
is low despite occasional quantitative normal liver stores,’ and that 
hemeralopia may occur. The fact that vitamin A supplements 
cause vitamin A storage in the intact areas after repleting the fatty 
ones, renders such therapy in liver damage rational, A high carbo- 
hydrate diet has a similar effect. 

Intoxication of rats with phosphorus (15 rats), thyroxin (9) and 
bile acids (9%) showed similar results. 

Summary. In CCl, poisoning vitamin A is found in damaged but 
not in uninvolved liver areas. The pathologic areas take it up 
faster and release it slower than normal ones. High vitamin A 
therapy repletes the uninvolved areas, 
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Sulfaguanidine in the Treatment of Infectious Enteritis in 
Swine.” 


H.C. H. KernkAme AND M, H. Rorrke. (Introduced by William 
E. Petersen. ) 
From the Division of Veterinary Medicine, University of Minnesota, University 
Farm, St. Paul, Minn. 


The reports of Marshall, et al.,""* on the use of sulfaguanidine in 


18 Meyer, K. A., Popper, H., Steigmann, F., Walters, W. H., and Zevin, 8., Proc. 
Soc. Expr. Biot. AND Mep., 1942, 49, 589, 

* These studies were made possible with the assistance and supplies of sulfa- 
guanidine by Dr. B. M. Lyon of Lederle Laboratories, 

1 Marshall, 2. K., Bratton, A. C., White, H. J., and Litchfield, J. T., Bull. Johns 
Hopkins Hosp., 1940, 67, 168. 

2 Marshall, KE. K., Bratton, A. C., Hdwards, L. B., and Walker, B., Bull. Johns 
Hopkins Hosp., 1941, 68, 94, 
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TABLE I. 
Sulfaguanidine in the Treatment of Infectious Hnteritis of Swine. 


tesults 
—_ PE SOR ERR SSE ion TE 
Not 
Group No,swine No.control Daily dose, Recovered Deaths improved 
No. treated swine g/kg No. % No. % No. % 
1 gerne SE Sar i ae oe 
31 5 16 22 741 4 13 
2 18 07-11 18 
50 11-,16 43 vi 
37 16-.22 35 2 
23 :22-,08 21 i | 
5 33-44 5 
133 122 92 10 «7.5 } i) 


the treatment of enteric infections suggested a trial with this drug 
on infectious enteritis in swine. This disease, frequently referred 
to under such terms as necrotic enteritis or ‘necro’, diphtheritic 
enteritis, infectious diarrhea, bloody scours, and Salmonellosis, is 4 
widespread and important disease of swine. Salmonella types of 
organisms are usually considered as the principal causative agent. 

Table I, Group 1, summarizes controlled experiments in 12 lots 
of pigs containing from 2 to 14 animals manifesting various forms 
of the disease (acute to chronic). The drug was administered in 
capsules and the daily dose divided between morning and evening. 
Group 2 represents several lots of animals treated under field con- 
ditions in which it was not possible to leave some as controls. Daily 
observations were made of them, however. The drug was admin- 
istered in capsules or mixed with small amounts of feed. 

In addition to the above experiments a total of 333 swine were 
treated under conditions of a general veterinary practice and with 
the coéperation of local practicing veterinarians. The results ob- 
tained were similar to those shown in Table I. 

In general, the diarrhea was checked and the feces returned to 
normal consistency by the fourth or fifth day and the treatment was 
continued for an additional 3 or 4 days before the animals were re- 
leased. A corresponding improvement in physical condition occurred, 

These preliminary trials suggest that an effective dose is within 
the range of 0.165 to 0.33 g per kilo body weight (or 0.75 to 1.5 ¢/10 
Ib). In preliminary toxicity trials no evidence of ill effects was 
noted with dosages below 0.66 g/kg. 
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Blood Sugar Level and Influence of Hyperventilation on Slow 
Activity in Electroencephalogram. 


Morton A, RuBIN AND ELEANOR TURNER. 


From the Memorial Foundation for Neuro-Endocrine Research, and the Research 
Service, Worcester State Hospital, Worcester, Mass, 


Interest has recently been focused on the relationship which seems 
to exist between slow potential changes appearing in the electro- 
encephalogram (EEG) on hyperventilation and alterations in blood 
sugar level.» * If a direct relationship between the two does exist, 
it will be necessary systematically to control the blood sugar level 
in all hyperventilation studies. It is not easy to maintain such a 
control, and before the electroencephalographer becomes burdened 
with this precaution, it seemed desirable to investigate the possible 
relationship further. 

Methods. One physically healthy, schizophrenic patient was 
observed on 10 different occasions* over a period of 10 weeks. 
Three glucose and 7 insulin (3, 5, 10 U) tolerance tests were given. 
Preceding the collection of each blood sample an EEG was ob- 
tained in the following manner: 5 meters of control record were 
followed by a 2-minute hyperventilation (at a regular rate of 30 
deep respirations per minute), and the record allowed to return 
to its initial level. In this way, many hyperventilation records at 
various blood sugar levels were obtained. 

Slow activity in the EEG was considered to include all waves 
with a frequency below 8 per second, and was qualified as total 
slow activity in the 7-meter period, which included the hyperventila- 
tion and recovery portions of the record. 

Results, Fig. 1 A shows a definite inverse relationship between 
blood sugar and slow activity. Fig. 1B, however, is typical of the 
remainder of our data. Here slow activity is inversely related to 
blood sugar only at 30 and at 90 minutes. In addition, it may be 
noted that the minimum amount of slow activity does not correspond 
with the maximum blood sugar value. 

When all the blood sugar values obtained were plotted against 
the corresponding amounts of slow activity, an apparent relation- 


1 Davis, H., and Wallace, W. M., Am. J. Physiol., 1941, 188, 258P. 

2 Engel, G. L., and Margolin, S. G., Arch. Neurol. Psychiat., 1941, 45, 890. 

* The patient was in the basal state on each occasion (fasting for at least 15 
hours previous to the experimental session). 
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ship was found which held for blood sugars up to about 120 mg % 
(Fig. 2). This relationship, however, is only a rough trend, since 
the scatter of the data is great. For example, in individual instances 
blood sugars from 27 to 110 mg % all give corresponding total slow 
activity of about 220. 

Discussion, It is apparent that decreasing blood sugar below 
120 mg % alters the amount of slow activity appearing in the EEG 
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on hyperventilation. Our data show, however, that the relationship 
is not a simple one, since it is not possible to predict the amount of 
slow activity from the sugar value alone. As in all biological 
processes, there are many factors at work at the same time. In this 
case it is not at present possible to decide whether these factors cloud 
any direct relationship that sugar may have, or whether blood sugar 
level is not of primary importance but is capable of stimulating some 
other mechanism which controls the production of slow potentials 
in the EEG on hyperventilation. Until the other factors concerned 
with slow activity are identified, it is desirable to have the blood 
sugar as near as possible to 120 mg %. 

It is doubtful that fasting is a highly significant variable in the 
appearance of slow rhythms after hyperventilation.* In our ex- 
perience, on some occasions fasting resulted in the appearance of 
slow waves on hyperventilation, but was without effect at other 
times. 

Summary. Lowering blood sugar below 120 mg % may influence 
the response of the electroencephalogram to hyperventilation. Con- 
sequently it is advisable to keep blood sugar at a level of 120 mg % 
when the electroencephalogram is recorded during overventilation. 
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Inhibition of Experimental Auricular Fibrillation by Procaine 
and Other. Substances.* 


ARTHUR D. HIRSCHFELDER AND GEORGE TAMCALES. 


From the Department of Pharmacology, University of Minnesota. 


Shen and Simon’ and van Dongen’ have demonstrated that pro- 
caine (novocaine) inhibits the development of arrhythmias and ven- 


3 Liberson, W. T., and Strauss, H., Proc. Soc. Exp. Bion. anp Mep., 1941, 
48, 670. 

* This work was carried on with the aid of a grant of funds from the Medical 
Research Fund of the Graduate School of the University of Minnesota. 

Assistance in the preparation of these materials was furnished by the personnel 
of Works Projects Administration, Official Project No. 165-1-71-124, Sub-Project 
No. 335. 

1Shen, T. C. R., and Simon, M. A., Compt. rend. de la Soc. de Biol., 1938, 
127, 1457. 

2 yan Dongen, K., Arch. internat. de pharmacodyn. et de therap., 1936, 53, 80; 
1936, 54, 252; 1938, 60, 207. 
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tricular fibrillation which may occur upon the injection of epinephrine 
into cats and rabbits anesthetized with chloroform. Burstein, 
Marangoni and Rovinstine*®* have found that it exerts the same 
effect upon arrhythmias and ventricular fibrillation produced by 
epinephrine during cyclopropane anesthesia in dogs. Van Dongen? 
has shown also that procaine inhibits the development of both auricu- 
lar and ventricular fibrillation from electrical stimulation of these 
chambers in cats and rabbits. 

Since auricular fibrillation is much less persistent in cats and rab- 
bits than it is in dogs and conditions in the latter approach more 
closely the clinical conditions in human beings we have investigated 
the effects of procaine and related substances on experimental 
auricular fibrillation in dogs. 

All our animals were anesthetized with intraperitoneal injections 
of sodium pentobarbital (35 mg per kg). 

Auricular fibrillation was produced in either of two ways: (1) 
Small fish hook electrodes were inserted into the walls of the right 
auricle and the auricle was stimulated for 5 seconds with the smallest 
stimulus from the secondary of a Harvard induction coil which 
would induce persistent fibrillation when the stimulus was repeated 
3 times in rapid succession. The electrodes were made by soldering 
a very small fish hook to a piece of wire. This wire was passed 
through a piece of glass tube and then soldered to the end of a 
safety pin whose other end was fixed with sealing wax to the proximal 
end of the glass tube. The safety pin thus acted as a spring to 
clamp the fish hook tightly against the distal end of the glass tube. 
A piece of annunciator wire soldered to the safety pin connected 
the electrode with the pole of the induction coil. (2) We also 
produced auricular fibrillation by dropping acetyl beta methyl choline 
chloride solution on to the wall of the atrium by the method of 
Nahum and Hoff.’ 

A similarly constructed fish hook with glass tube and spring at- 
tachment was inserted in the wall of the right atrium. The lumen 
of this glass tube was 8 mm in diameter, and a small wad of cotton 
was fixed to its lower end so as to be in contact with the wall of the 
atrium. Five drops of a 1 :500 solution of acetyl beta methyl choline 
chloride solution was then dropped into this tube and when it came 


3 Burstein, C. L., and Marangani, B. A., Proc. Soc. Exp. Brot. anp Mep., 
1940, 43, 210. 

4 Marangani, B. A., Burstein, C. L., and Rovinstine, C. A., Proc. Soc. Exp. Brox. 
AND Memp., 1940, 44, 594. 

5 Nahum, L, H., and Hoff, H. E., Am. J. Physiol., 1940, 129, P 428. 
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into contact with the atrial muscle auricular fibrillation resulted. 
This fibrillation lasted from 11 to 12 minutes and could be repro- 
duced with about the same duration. 

In 5 dogs we have found that procaine in doses of 10 to 20 mg 
per kilo intravenously stopped fibrillation produced by the minimal 
effective faradic stimulation of the atria, but this resistance to fibril- 
lation passed off rapidly, often within 5 minutes. Larger doses, 
40 to 80 mg per kilo, prevented even maximal faradic stimulation 
from producing auricular fibrillation. In 4 dogs auricular fibrilla- 
tion induced by dropping 5 drops of 1:500 solution of acetyl beta 
methyl choline chloride solution on to the atria was stopped within 
35 seconds by the intravenous injection of 1 to 6 mg of procaine per 
kilo, The effect of the smaller doses of procaine was very transitory 
because the application of the same stimulus 5 minutes after cessation 
of the fibrillation usually caused the fibrillation to reappear. 

At least 2 other local anesthetics seem to exert similar effects in 
inhibiting auricular fibrillation. In 3 dogs p-butyl amino-benzoyl-di- 
methyl amino-ethanol hydrochloride (pontocaine hydrochloride) in 
doses of from 0.7 to 12 mg per kg stopped auricular fibrillation 
produced by the minimal effective faradic stimuli, and in 2 dogs we 
obtained the same effect with 2-butyloxyquinoline carboxylic acid- 
4-diethylethylene diamide hydrochloride (nupercaine hydrochloride) 
in doses of from 1 to 3.75 mg per kg respectively. 

Summary. At least three local anesthetics, procaine, pontocaine 
and nupercaine can inhibit experimental auricular fibrillation in dogs. 
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Toxicity of Antiseptics for the Chick Embryo.* 


Wotcott B. DuNnHAm. (Introduced by Ward J. MacNeal. ) 


From the Department of Bacteriology, New York Post-Graduate Medical School 
and Hospital, Columbia University, New York City. 


The resistance of the chick embryo to toxic substances is a subject 
which has been little explored’ in spite of the fact that the embryo 
is well adapted to a variety of bacteriological and physiological ex- 
periments. The developing egg consists of rapidly growing em- 


*This study was supported by the Virus Research Fund of the Lambert 
Pharmacal Company, St. Louis, Mo. 


1 Witlin, Bernard, Proc. Soc. Exp. Bion. aNnD Mep., 1942, 49, 27. 
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TABLE I. 
Lethal Effect of Injection of 0.05 ce of Antiseptic Agents into Incubated Eggs, 
Experiments on Five Eggs in Each Lot. 


Agent tested Cone. Death in each lot in 6 days Mortality 
Phenol 5.0% C12 oe eee oe 
2.5% 2 1 1 4/15 
0.1% 0 0) 0 0/15 
Bichloride of Mercury 1:500 5 2 4 11/15 
1:1000 2 2 0 4/15 
1:10,000 1 0 0 1/15 
Tincture of Iodine 25% 5 3 4 12/15 
1.0% 2 1 3 6/15 
0.1% 3 th 2 6/15 
0.01% 0 1 0 1/15 
Copper Sulphate 5.0% 5 4 3 12/15 
0.1% 1 2 1 4/15 
0.01% 1 1 0 2/15 
Potassium Permanganate 1:1000 0 2 1 3/15 
1:10,000 Be slit 2/15 
Ethyl Alcohol 25% 1 u 0 2/15 
Propylene Glycol 100% 0 0 0 0/15 
Borie Acid 4.0% 0 0 1 1/15 
Borie Acid 2.5% in 25% Alcohol 0 0 0 0/15 
Mild Silver Protein 10% 5 5 5 15/15 
5.0% 4 5 5) 14/15 
1.0% 3 5 2 10/15 
0.1% 1 0 ] 2/14 
Liquor Antisepticus, N. F. VI ss 0 0 1 1/15 
Listerine q 1 0 1 2/15 
Merthiolate 1:500 3 3 2 8/14 
1:1000 2 0 2 4/15 
1:10,000 0 2 0 2/15 
Metaphen 1:500 4 4 2 10/15 
1:1000 2 J 0 3/15 
Tincture of Metaphen . 5 5 5 15/15 
1:10 3 2 3 8/14 
1:50 1 1 3/15 
Mercurochrome 2.0% 3 3 4 10/15 
1.0% 1 1 2 4/15 
0.2% 0 1 0 1/14 
Lysol 5.0% 0 1 1 2/15 


Pot. Mercurie Todide 


1:5000 1 1 1 3/15 
 *Undiluted. a 
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TABLE II. 
Comparison Between Minimal Lethal Dose for Man and Chick Embryo. 
Man Chick embryo 
g/kg body wt according to 
—— g/kg total 
Agent MeNally2 — Solis-Cohen, ete. egg wt 
Phenol 014 07 05 
Bichloride of mercury 001 002 002 
Todine .004 .019 .018 


bryonic tissue in a perfect nutritional environment. It comes sealed 
in an ampule, the shell, which is readily opened for inoculation or 
other manipulation and easily sealed again for the period of rein- 
cubation, 

The original purpose of the present study was to determine whether 
the fertile egg could be used as a medium for testing the inactivating 
effect of antiseptics on viruses. Such studies could be made only if 
the normal physiology of the embryo is not greatly disturbed by the 
injection of such agents. 

Three tests were performed on different days with each substance. 
Embryonated eggs which had been incubated for 6 or 7 days were 
candled and the location of the embryo marked on the shell. This 
mark was kept uppermost until the inoculation was completed. A 
hole was drilled through the shell over the air sac by means of a 
2 mm dental bur or a carborundum disc. The injection was made 
by means of a 2-inch, 20 gauge needle fitted to a tuberculin syringe. 
The needle was directed slightly upward and inserted 3 cm into the 
egg. The amount injected was 0.05 cc in each instance. This rep- 
resents 1 part in 1000 of total egg weight, or the equivalent of 70 cc 
for a man weighing 70 kilos. The eggs were candled daily and the 
day of death noted. The results are shown in Table I. 

The minimal lethal dose for man has not been determined for 
many of these substances. In Table II] the smallest amounts of 
phenol, bichloride of mercury, and iodine which cause death in man 
are expressed in grams per kilo of body weight. The corresponding 
figures for the chick embryo are also given, taking the minimal lethal 
dose as the amount which kills more than half but not all of the 
embryos. The similarity between the toxicity of these substances for 
man and for the chick embryo is striking. 


2 MeNally, W. D., Toaicology, Industrial Medicine, Chicago, 1937, 108, 206, 812. 
3 Solis-Cohen, S., and Githens, T. S., Pharmacotherapeutics, D. Appleton & Com- 
pany, New York, 1928, 547, 671, 750. 
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Activity of Penicillin in vitro.” 


GLApyYs L. Hoppy, Kart Meyer AND ELEANOR CHAFFER, 


Irom the Departments of Medicine and Ophthalmology, College of Physicians and 
Surgeons, Columbia University, Wdward Daniels Maulkner Arthritis Cline, and 
Institute of Ophthalmology, Presbyterian Iospital, New York. 


Fleming’ observed that broth cultures of a certain strain of 
Penicillium notatum contained a substance, penicillin, which inhibited 
the growth of many Gram positive organisms. Stimulated by the 
work of Chain, ef al.,’ and Florey, et al.,° who demonstrated the 
remarkable antibacterial action of impure preparations of peni- 
cillin, studies were carried out in this laboratory on its production 
and extraction and on its chemical and biological properties.” ” ° 

Method. Cultures of Fleming's strain of ?. notatwm' were grown 
for 3 to 5 days at room temperature on a honey agar medium. Saline 
suspensions of the spores from the cultures were seeded to 2-liter 
Erlenmeyer flasks containing 400 ce of a modified Czapek-Dox syn- 
thetic medium prepared according to the formula shown in Table I. 

Brown sugar was used routinely in a concentration of 2% and 


TABLE I, 
Modified Ozapek-Dox Medium, 


BK 
Sodium Nitrate (NaNOz) 3.5 
Potassium Phosphate (KHy,PO,) 1.5 
Potassium Chloride (1C1) 0,5 
Magnesium Sulfate (MgSO, -+- 7E,0) 0.5 
Ferrous Sulfate (FeSO, + 7HyO) 0,016 
Brown Sugar (Jack Prost, dark) 20,0 


Distilled H,0 to 1 liter 
Autoclave 15 lby—15 min. 


* This work has been supported in part by a grant from the John and Mary 
Markle Foundation. 

We are indebted to Dr. Martin H. Dawson for his valuable help and sugges. 
tions throughout this work. 

1 Fleming, A., Brit. J. Uap. Path., 1929, 10, 226. 

2 Chain, E., ct al., Lancet, 1940, 2, 226, 

% Plorey, H. W., ct al., Lancet, 1941, 2, 177. 

4 Dawson, M. H., Hobby, G. L., Meyer, K., and Chaffee, H., J. Clin, Imveat., 
1941, 20, 434. 

5 Hobby, G. L., Meyer, K., Dawson, M. H., and Chaffee, 1, J. Bact., 1942, 
43, 11. 

6 Meyer, K., ct al., Science, 1942, in press. 

t Received through the kindness of Dr. Roger Reid, Johns Hopkins Mouspital, 
Baltimore, Md. 
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ACTIVITY OF PENICILLIN im vitro 


gave a maximum titer of penicillin in 8 days. An equivalent con- 
centration of dextrose required 12 to 14 days. 

A temperature of 24°C proved optimal although good yields were 
obtained at various temperatures between 20° and 26°C. 

White mycelial growth with or without early sporulation and ac- 
companied by surface droplets was associated with high yields of 
penicillin. Excess sporulation was generally accompanied by low 
yields. There was no parallelism between the amount of yellow 
pigment produced in the medium and the amount of penicillin. 

Titration of Activity. Two methods were used for the titration 
of the activity of penicillin: (1) the dilution method, and (2) the 
Oxford plate method.® 

In the dilution method serial dilutions of penicillin in broth were 
seeded with a constant amount of a standard strain of hemolytic 
streptococcus (C203 Mv). For convenience failure to develop 
turbidity after 24 hours’ incubation at 37°C was accepted as evidence 
of inhibition of growth. Activity was determined by measuring the 
least amount of penicillin necessary to inhibit growth of 2 to 4 
million organisms, This method is rapid and relatively satisfactory 
if experimental conditions are kept constant. 

The Oxford plate method as described by Florey, et al.,° was 
employed.* The method is based on preliminary dilutions and the 
error is therefore comparable with that of the dilution method. 
Certain additional disadvantages are inherent in the plate method. 
The size of the zone of inhibition is limited by the length of the lag 
phase of the test organism and by the depth and dryness of the agar. 
Thus the amount of activity measured is influenced by the extent to 
which diffusion of the test material has taken place before bacterial 
multiplication has begun. 

Table I] shows the results of titration of crude preparations of 
penicillin by the two methods. Within the limit of error, the two 
tests give comparable results. 


TABLE II. 
Titration of Penicillin. 


Dilution method, Oxford method, 


Preparation per ce units per mg 
NH If 2* 4 42 
98 A s 45 
81 II 8 25 
90 D 2 106 
101 IT .08 240 


*Oxford Standard Penicillin. 


¢ Oxford penicillin NH IT 2, having an activity of 42 units per mg, was used as 
standard. We are indebted to Dr. N. G. Heatley for supplying us with this material. 
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TABLE III. 
Susceptibility of Organisms to Penicillin. 
Susceptible strains Insusceptible strains 
_ Pneumococeus H. influenze 
Streptococcus hemolyticus EB. coli 
Staphylococcus B. typhosus 
Meningococcus B. dysenterie 
Gonococcus B. proteus 
Streptococcus viridans B. poratyphosus A 
B. subtilis B. enteritidis 
Cl. welchii B. pyocyaneus 
V. septique B. fluorescens 
Cl. histolyticus B. prodigiosus 
B. sporogenes Friedlander’s be. 
B. oedematiens Staphylococcus albus—1 strain 
B. sordelli Micrococcus albus—1 sirain 
Lactobacillus Monilia albicans 
Cryptococcus hominis Monilia krusei 


Monilia candida 


Extraction. Penicillin was extracted from the acidified culture 
fluid with various organic solvents as described by Meyer, et al.° 
It was obtained either as the salt or as the free acid. 

Preparations of the ammonium salt were obtained routinely with 
an activity of 0.03-0.1 y per cc against hemolytic streptococci. Crys- 
talline preparations were obtained which also had an activity of 
0.03 y per cc, equivalent to 240 to 250 Oxford units per mg. 

Activity in vitro. Penicillin was tested by the dilution method 
against a wide variety of organisms. Confirming the work of 
Florey and his coworkers,* the preparations tested were found to 
exert a remarkable effect in vitro on many of the Gram positive or- 
ganisms, both aerobic and anaerobic, as well as on gonococci and 
meningococci. The susceptible and insusceptible organisms tested 
are listed in Table III. Two strains of staphylococci were encoun- 
tered which proved resistant. 

All Gram negative organisms tested were relatively insusceptible 
to the action of this drug. 

Considerable variation was found among different strains of the 
same organism as well as among the various organisms. The strains 
of pneumococcus and hemolytic streptococcus tested were 2 to 4 
times more sensitive than staphylococcus, and 10 to 20 times more 
sensitive than some strains of non-hemolytic streptococci. (Table 
IV.) The effect was either bacteriostatic or bactericidal depending 
on experimental conditions. 

The concentration of penicillin necessary to inhibit growth of 
or to kill Gram positive bacteria was found to be comparable to that 
of gramicidin and tyrocidin rather than to that of the sulfonamides. 
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TABLE IV. 
Degree of Sensitivity of Various Organisms, 


Penicillin preparations 
Titer in y per ¢¢ 


as ans 
Organisms NHII2 1011II 7II No. 696 No. 924 
Streptococcus hemolyticus (C203Mv) 46 08 13) 12 6 
Staphylococcus albus (Oxford) 93 15 
Streptococcus viridans (Dup.) 25 
Non-hemolytic Streptococeus (Cot) 250 
Lactobacillus (Leale) 2.5 


Sterilization of a culture does not always take place with penicillin, 
Nevertheless there is always a marked decrease in the number of 
organisms present. Details will be presented in a subsequent paper. 
This is in sharp contrast to the effect produced by the sulfonamides 
which act only by decreasing the rate of multiplication, 

Inhibition, ‘Titrations of penicillin by the dilution method were 
carried out in the usual manner, using broth containing para amino- 
benzoic acid, blood, or serum. As reported by Florey, et al.,* no 
inhibition by these substances could be demonstrated. Likewise, the 
titration of the activity of penicillin in Pappenheimer’s synthetic 
medium‘ containing no peptone indicated that peptone has no 
inhibiting action. 

Confirming the work of Abraham and Chain,* it was found that 
the supernatant broth from cultures /. coli does inhibit the activity 
of penicillin. The nature of this inhibitor will be discussed in another 
publication. 

Summary. The observations of Florey, et al.,° on the antibacterial 
activity of penicillin against Gram positive organisms are confirmed 
and extended. Preparations have been obtained of such activity 
that 0.03 y inhibits the growth of 2 to 4 million hemolytic strepto- 
cocci. This represents an equivalent of 240-250 Oxford units per mg. 


7 Pappenheimer, A. M., Jr., and Hottle, G. A., PRoo. Soc. Exp. Bion. AND Mnp., 
1940, 44, 645. 
8 Abraham, E. P., and Chain, E., Nature, Lond., 1940, 146, 837. 
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Observations on the Mechanism of Action of Penicillin.” 


GLApys L. Hossy, KArt Meyer AND ELEANOR CHAFFEE, 
From the Departments of Medicine and Ophthalmology, College of Physicians and 
Surgeons, Columbia University, Ldward Danicls Youlkner Arthritis Clinic, and 

Institute of Ophthalmology, Presbyterian Hospital, New York. 


In previous reports’ ’ the preparation and im vitro activity of 
penicillin was described. Studies on its mode of action are herewith 
reported, 

Rate of Killing. Pneumococci, hemolytic streptococci and staphyl- 
ococci were tested with penicillin under various conditions, the 
number of surviving organisms per cc being determined at intervals. 
It was found that the number of survivors decreased by geometric 
units as time increased by arithmetic units. The log of the number 
of survivors plotted against time followed a straight line until at 
least 99% of the organisms were killed. Under the experimental 
conditions, pneumococci were destroyed at a more rapid rate than 
hemolytic streptococci, and hemolytic streptococci more rapidly than 
staphylococci. (Graph I.) 

Furthermore, with a given concentration of penicillin the rate 
of killing of a given strain of hemolytic streptococci decreased as 
the number of organisms present at 0 hours increased. Likewise, 
with a given number of hemolytic streptococci the rate of killing 
increased within limits as the concentration of penicillin was in- 
creased. There was a point, however, beyond which, with a constant 
number of hemolytic streptococci per cc, increases in the concentra- 
tion of penicillin no longer increased the rate of killing. (Graph II.) 

The killing of hemolytic streptococci at a constant rate applied 
only to the destruction of approximately 99% of the organisms 
originally present. With the last 1% of the organisms, the reaction 
followed one of 3 courses: (1) The number of organisms continued 
to decrease at the same rate until complete sterilization had been 
effected; (2) the number decreased at a somewhat slower rate, or, 
(3) the number increased. It is therefore apparent that penicillin 


* This work has been supported in part by a grant from the John and Mary 
Markle Foundation. 

We are indebted to Dr. Martin H. Dawson for his valuable help and sugges- 
tions throughout this work. 

1 Hobby, G. L., Meyer, K., Chaffee, E., Puoc. Soc. Bxr. Brow. ann Mup., 1942, 
50, 277. 

2 Meyer, K., et al., Science, 1942, in press. 
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TABLE TI. 
Comparison of Penicillin, Gramicidin, and Tyrocidin in Vitro. 


No. of viable organisms per ce 1000 


; Inhibiting = — 

Culture agent* 0 hr lhr 3 hrs 7 hrs 24hr 
Streptococcus Penicillin 1,500 4,300 2,650 420 0 

hemolyticus Gramicidin 1,500 2,430 1,140 7 2.4 
(C203 Mv) Tyrocidin 1,500 0.1 0 0 0 


*10 y per ce of each was used. 


may act as a bacteriostatic agent or it may induce a true bactericidal 
effect. 

The action of penicillin is in sharp contrast to that of the sulfona- 
mides. Whereas penicillin produces an actual killing effect, the 
sulfonamides cause only a slowing up of the rate of growth. (Graph 
Tih) 

The activity of penicillin is comparable to that of gramicidin 
and tyrocidin. Penicillin, gramicidin, and tyrocidin all prevent mul- 
tiplication and bring about a definite decrease in the number of 
organisms per cc. However, penicillin acts more slowly than either 
gramicidin or tyrocidin. (Table I.) 

Lysis. To heavy suspensions of hemolytic streptococci, penicillin 
was added in concentrations as high as 100 y per cc. No lysis of the 
organisms was observed on incubation at 37°C for as long as 24 
hours. 

Absorption. Broth containing penicillin was seeded with hemo- 
lytic streptococci (C203 Mv) in such a way as to give a final culture 
dilution of 10°. The cultures were incubated at 37°C and the 
number of organisms per cc counted at 0 and at 48 hours. At 0 and 
at 48 hours, portions were also filtered through a Seitz filter and the 
filtrates tested for penicillin activity. A definite decrease in the 
number of organisms per cc occurred, but no diminution in the 
amount of penicillin was detected. (Table I.) 

‘In further experiments, 350 cc amounts of culture were centri- 
fuged and the organisms suspended in 2 cc of broth. Four cc of 


TABLE If. 
Absorption of Penicillin by Bacteria. No. Organisms x 1000. 
Penicillin 
Control ——— Se 
No. of hours Orgs. per ce Orgs. peree Titer of supernatant 

Q 3,000 3,000 0.1 y/ee 
48 0 0 ae Ee 

0 2,950,000 2,950,000 0.8 ” 


24 410 74 "3? 
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broth containing penicillin was added to 1 cc of this suspension, giv- 
ing a final penicillin concentration of 340 y per cc. Four ce of broth 
was added as control to 1 cc of the suspension of organisms, As in 
the previous experiment, the cultures were incubated at 37°C and 
the number of organisms per cc determined at intervals. At the 
same intervals portions were filtered and the filtrates tested for 
penicillin activity. Under these conditions the number of viable 
organisms remained unaltered and no loss of penicillin activity was 
observed. (Table II.) 

Effect of Growth Phase on Activity of Penicillin, Undiluted 
18-hour broth cultures of hemolytic streptococci (C203 Mv) were 
divided into 6 equal portions. To each of 3 samples, 0.1 ce of a 
solution of penicillin was added giving a final concentration of 100 y 
per cc. To each of the remaining 3, 0.1 cc of broth was added. 
One tube from each set was incubated at 4°C, at 18°C, and at 
37°C. The number of organisms per cc was determined at 0 and at 
48 hours. 

No multiplication took place in the control broth tubes either at 
4°, 18°, or 37°C. At the same time no decrease in the number of 
organisms per ce occurred in the cultures to which penicillin was 
added although its activity remained unchanged. (Table III.) 

Similar experiments were carried out using cultures containing 
fewer organisms per cc. These results are also illustrated in Table 
III. At 4°C no multiplication occurred in the control broth. At 
this temperature penicillin showed no bacteriostatic or bactericidal 
action on the organisms. At 18°C multiplication occurred at a slow 
rate and penicillin showed moderate antibacterial activity. At 37°C 
multiplication was rapid and the antibacterial action of penicillin 
was marked. It is apparent that penicillin is capable of destroying 
bacteria only if multiplication takes place. In similar experiments 
carbolic acid in a concentration of 0.1% was also effective only under 
conditions suitable for multiplication, 

Summary. Penicillin acts either as a bacteriostatic or bactericidal 

TABLE III. 


Effect of Temperature and Concentration of Organisms on Penicillin Activity. 
No. of Organisms x 1000. 


Organisms per ce at 48 hours 


Organisms per ce 


ane : =e 
Medium at O hr 4°C 18°C 37°C 

Broth penicillin, 5600.  m@4e0= |) =ulv000-&. = muedoO,. 

100 y/ee 5,500 5,280 320 01 
Broth penicillin, 94,000 90,000 67,500 85,000 
100 y/ee 94/000 92,000 60,000 126,000 
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agent depending on the experimental conditions. The number of 
organisms decreases at a constant rate until 99% of the organisms 
have been destroyed. The rate of killing varies with different or- 
ganisms. The action of penicillin on hemolytic streptococci is not 
accompanied by lysis of the organisms. No detectable amount of 
penicillin is destroyed or absorbed from solution by the organisms. 
It appears to be effective only when active multiplication takes place. 
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Chemotherapeutic Activity of Penicillin.* 


Guapys L. Hopsy, KARL MEYER AND ELEANOR CHAFFEE. 
From the Departments of Medicine and Ophthalmology, College of Physicians and 
Surgeons, Columbia University, Edward Daniels Faulkner Arthritis Clinic, and 

Institute of Ophthalmology, Presbyterian Hospital, New York. 


The activity of penicillin 7 vitro has been discussed in detail in 
previous communications.’ Its im vivo activity was first reported by 
Chain, et al.,* and by Florey, et al.* 

In vivo Activity. Mice infected intraperitoneally with varying 
amounts of a highly virulent strain of hemolytic streptococci (C203 
Mv) were treated subcutaneously with small amounts of penicillin. 

TABLE I. 


Effect of Subcutaneous Injection of Penicillin on Group A Hemolytic Streptococeus 
Infections (C203 Mv). 


No. 
No. of No. <Amt.of No. of prolonged No. 

Dilu. of orgs. of penicillin,* days No. dead life survived 
culture inj. X1000 mice ce treated (<48hrs) (2-7 days) (>7 days) 
'2.0cee 180,000 9 4-.65 <6 3 1 5 

1.0ce 90,000 10 4-.60 <6 x 2 i 
hee 9,000 15 2-.58 <6 2 ~ 9 

102 900 13 2-.57 <6 0 a 9 

10-3 90 11 2-.57 <6 0 3 8 

Controls 
10-5 0:9 15 0 0 15 0 0 


* Alcoholic solution: Total dosage per mouse calculated to be <7 mg dry weight. 
——— ee 


* This work has been supported in part by a grant from the John and Mary 
Markle Foundation. 

We are indebted to Dr. Martin H. Dawson for his valuable help and sugges- 
tions throughout this work. 

1 Hobby, G. L., Meyer, K., Chaffee, E., Proc. Soc. Exp. Biot. anp MeEp., 1942, 
50, 277, 281. 

2 Chain, E., e¢ al., Lancet, 1940, 2, 226. 

3 Florey, H. W., et al., Lancet, 1941, 2, 177. 
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TABLE II. 
Titration of Activity of Penicillin® Against Hemolytic Streptococci in Vivo. 
Dilution of culture Penicillin (mg) No, mice No. survived 
10 1.5 3 3 
1.0 3 3 
0.75 3 3 
10-1 1.5 3 3 
1.0 3 3 
0.75 3 ot 
Undiluted 1.5 4 4 
1.0 4 at 
Controls 
10-8 0 10 d. < 2 days 
10-7 0 10 d. < 2 days 


*Ammonium salt containing 150-200 Oxford Units per mg. 
Two mice showed prolonged survival time in each instance. 


Table I shows the results of treatment with crude preparations, 
and Table II shows the results with highly purified material. It is 
apparent that 1.5 mg of penicillin is sufficient to protect mice against 
1 cc of whole culture containing at least 1,000,000 lethal doses. 
Amounts as small as 0.75 mg protected against 10° dilutions of 
culture containing at least 1000 lethal doses. Treatment was effective 
if started as long as 8 hours after infection. (Table IIT.) 

Mice were infected similarly with varying amounts of a highly 
virulent strain of pneumococcus type Il. The subcutaneous injec- 
tion of similar amounts of penicillin again gave adequate protection. 

Further experiments showed penicillin to be effective imtraper- 
itoneally and intravenously as well as subcutaneously. 

Penicillin is rapidly excreted when injected in solution and fre- 
quent injections are therefore necessary. This difficulty was elim- 
inated by the use of suspensions in oil or dry pellets. 

Oil Suspenstons, Penicillin, prepared in the form of the sodium 
salt, was dissolved in a drop of water and the solution mixed with 

TABLE II. 


Subcutaneous Injection of Penicillin Started S Hours after Intraperitoneal Injec- 
tion with Hemolytic Streptococci: Strain C203Mv. 


No. 
Amt. No. of prolonged No. 
Dil, of No.of penicillin,* days No. died life survived 
eulture mice ee treated (<48hrs) (2-7 days) (>7 days) 
10-5 3 48 4 3 
10-6 3 1 4 1 1j 1 
107 3 48 4 Pe ae 2 


*Aleoholie solution: Total dosage per mouse caleulated to be <7 mg dry weight. 
#5 untreated control mice died in <30 hours. 
tHearts’ blood cultures taken at autopsy showed no organisms. 

} Por part of the sodium salt used we are indebted to Chas. Pfizer and Co., 
Brooklyn, NVY. 
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TABLE IV. 
Effect of Subcutaneous Injection of Oil Suspensions of Penicillin on Hemolytic 
Streptococcus Infections in Mice. 


No. 
prolonged No. 
Dilution of No. of Penicillin, No. died life survived 
culture mice mg (<48hrs) (2-7days) (>7 days) 
10-1 6 3.0 3 3 
10-3 24 3.0-4.0 7 3 14 
Controls 
10-6 9 9 
10-7 © 9 


sesame oil. A single subcutaneous injection of approximately 
3.0 mg of penicillin in such a suspension was adequate to protect 
66% of mice against the intraperitoneal inoculation of over 1000 
lethal doses of hemolytic streptococci. (Table IV.) 

Dry Pellets. Penicillin was mixed with 4 parts of pure cholesterol 
and ground to form a homogeneous mixture. Pellets of the mixture 
containing 1.5 to 3 mg of penicillin each were prepared in a pill 
press. 

The implantation of a single pellet subcutaneously, 1 to 4 hours 
after infection, protected 66% of mice against over 1000 lethal 
doses of hemolytic streptococci (C203 Mv). (Table V.) 

Toxicity. Mice were injected intravenously with varying amounts 
of penicillin in solution. The LD; for an 18 g mouse was found to 
be 32 mg of the sodium salt or 12 mg of the ammonium salt— 
equivalent to 1.8 g and 0.67 g respectively per kg body weight. 

With lethal doses no abnormal pathology was observed other than 
congestion of the lungs. Immediate choking and gasping followed 
the injection and death occurred within 1 to 3 minutes. With sub- 
lethal doses, respiration was extremely rapid, followed by complete 
prostration lasting for a variable length of time. Recovery followed 
after a period of between 15 minutes and several hours. 

Guinea pigs were inoculated intravenously with 320 mg of the 
sodium salt of penicillin or the equivalent of 1.3 g per kg of body 

TABLE V. 


Effect of Subcutaneous Implantation of Dry Penicillin on Hemolytic Streptococcal 
| Infections in Mice. 


No. 
prolonged No. 
Dilution of No. of Penicillin, No. died life survived 
culture mice mg (<48hrs) (2-7days) (>7 days) 
10-8 29 1.5-3.0 8 21 
Controls 
10-6 6 0 6 
10-7 6 0 6 
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weight. No pyrogenic or other toxic symptoms were observed. 

The toxicity of the ammonium salt was tested by Dr. Phillips 
Thygeson in tissue culture, in the chorioallantoic membrane, and 
when applied directly to the human eye.* No toxicity was observed. 

Sodium and ammonium salts of penicillin were administered to 
humans. The daily injection of 170 mg of purified penicillin, having 
an activity of 240 Oxford units per mg, for a period of 6 days pro- 
duced no untoward effect. 

Summary. Penicillin is highly effective against hemolytic strep- 
tococcus and pneumococcus infections in mice when given sub- 
cutaneously, intravenously or intraperitoneally, When given in 
the form of oil suspensions or dry pellets, a single subcutaneous 
injection confers a high degree of protection. Penicillin is apparently 
non-toxic within the range of therapeutic dosage. 
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Effects on Arterial Hypertension of Heat-inactivated Tyrosinase 
Preparations.* 


Myron PRINZMETAL, GorDoN A. ALLES, CLARA MArGOLEs,* 
Stuart KayLaAnpt ANpD Davin S. Davis. 


From the Research Laboratory of the Cedars of Lebanon Hospital and the 
University of Southern California School of Medicine. 


Recent studies of the mechanisms involved in the production of 
experimental renal hypertension show that several humoral agents 
may be involved. Following the hypothesis that phenolic amines 
may be involved in renal hypertension, Schroeder and Adams* found 
tyrosinase preparations from mushrooms to be effective in lowering 
the blood pressures of hypertensive animals. Their studies were 
extended to the effects of tyrosinase preparations on arterial hyper- 
tension in man and reported results in 17 patients, with significant 
falls in blood pressures in 13 of these following daily administration 
of unspecified amounts of their tyrosinase preparations. Some 


4 Thygeson, P., personal communication. 

* Aided by grants from the Beaumont Trust Fund and the Dazian Foundation 
for Medical Research. 

+t Glick Fellow in Cardiovascular Research. 

+ Tom May Fellow in Cardiovascular Research. 

1 Schroeder and Adams, J. Hap. Med., 1941, 78, 531. 
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phenolic substance was considered to be altered by the injected en- 
zyme to account for the lowered blood pressures observed. 

The present experiments were carried out with mushroom tyro- 
sinase preparations made by modifications of the purification pro- 
cedures of Keilin and Mann.’ The valuation of the enzymic activity 
was made upon a catechol-hydroquinone substrate in terms of 
“catecholase”’ units as defined by Adams and Nelson.* The final 
preparations were made up to contain 500 “catecholase” units per ml 
and contained about 2 mg per ml of non-dialyzable total solids, By 
heating such preparations for 40 minutes to 60°C, about 95% of 
the “catecholase” activity was destroyed, and such preparations are 
referred to as heat-inactivated. 

Four patients with malignant or premalignant hypertension were 
hospitalized and observed before treatment for 7 to 10 days, with 
blood pressures taken twice or more daily. In the first patient 
studied, the marked local reactions from injections of the unheated 
enzyme preparations suggested that the hypotensive response might 
be due to non-enzymic substances in the preparation, Treatment was 
then continued with heat-inactivated preparations and it was ob- 
served that, while the enzymic activity was almost completely absent 
and the local reactions were somewhat less, these preparations were 
still very effective in lowering blood pressure, The 3 subsequent 
patients were consequently only treated with the heat-inactivated 
preparations, and there also resulted marked falls in their blood 
pressures. Two of the patients showed falls in blood pressure 
from control levels of 210/160 and 210/150 to 170/130 and 
135/90 respectively, when 5 ml intramuscularly was being injected 
daily during the following treatment period, In these 2 patients 
the T-waves of their electrocardiograms became upright and their 
cardiac size decreased, Papilledema and hemorrhages of the eye 
grounds regressed or disappeared and the patients felt better sub- 


_jectively. The subject whose record is shown in Fig. 1 was almost 


blinded by hypertensive retinopathy, but after the tenth injection 
could read a newspaper. On Fig. 1 are charted the blood pressure 
and temperature observations made on this patient. In the other 2 
patients the dosage was not uniform throughout the treatment 
period, but dosages of from 3 to 8 ml were given with resultant 
lowering of blood pressure from control levels of 220/150 and 
200/110 to 178/128 and 150/90 respectively. 

) 2Behroeder, Science, 1941, 98,116 


% Keilin and Mann, Proc. Roy. Soc. London B, 1928, 125, 187. 
4 Adams and Nelson, J. Am. Chem. Soc., 1938, 60, 2474, 
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Effects of intramuscular cs tatlies from 1 to 5 ml of heat-inactivated 
tyrosinase preparations 54K and 58K on arterial blood pressure and temperature 
of patient with arterial hypertension. 

Effects other than upon the symptoms of arterial hypertension are 
notable. Local inflammatory response and systemic reactions such as 
chills and fever of varying degree, perspiration, with general 
malaise and rarely, nausea, are observed, Such effects have also been 
notable in the therapeutic experiments with kidney extracts that 
have been reported by Page and coworkers.° These other effects, 
noted both with mushroom and kidney extracts, resemble those 
which may be expected after injection of a non-specific protein 
material, and it seems possible that such effects and the therapeutic 
results so far observed are closely related. 

The observations demonstrate that heat-inactivated tyrosinase 
preparations can produce significant lowering of blood pressure and 
remission of other symptoms of arterial hypertension in man. Such 
effects as have been observed are as marked as those which have been 
reported by others following injections of active tyrosinase prepara- 
tions, and therefore show the effects upon the symptoms of arterial 


hypertension to be unrelated to the enzyme content of the prepara- 
tions. 


5 Page, Helmer, Kohlstaedt, Kempf, Gambill and Taylor, Ann. ‘Int. 1 Med., 1941, 
15, 347. 
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Occurrence of Psittacosis-like Infection in Domestic and Game 
Birds of Michigan.” 


B. Epprz AND THoMAsS FRANCIS, JR. 


From the Virus Laboratory, School of Public Health, University of Michigan, 
Awn Arbor, Mich. 


The latent presence of a form of psittacosis in pigeons, called by 
Meyer, ornithosis, has been demonstrated by Pinkerton and Swank,’ 
Coles,* and Meyer, Eddie and Yanamura.’ The characteristics of 
the virus indicate that it is related to the virus of typical psittacosis 
but resembles more closely the type of psittacosis virus found in 
Australian parrakeets.* Moreover, available evidence points to the 
similarity of its pathogenic characteristics and those of the virus 
of meningo-pneumonitis (M-P) originally described by Francis 
and Magill.” Recent serological studies have clearly shown that a 
close relationship exists between the viruses of psittacosis, meningo- 
pneumonitis and lymphogranuloma venereum® ‘ and that patients 
infected with one of the viruses produce antibodies which fix com- 
plement in the presence of any one of the 3 antigens, 

That the virus of pigeon origin may infect human subjects is 
shown by actual recovery of the virus from patients,’ some of 
whom were intimately associated with infected birds.’ These re- 
sults have heightened the interest in the pigeon as a disseminator 
of disease and the recent report of Meyer, Eddie, and Yanamura® 
has furnished evidence of the wide distribution of infection in 
this species of bird. Studying pigeons from California, New York, 
Indiana, lowa, and South Carolina, they found that the sera from 
approximately 50% of the 237 pigeons tested fixed complement to 
some extent in the presence of psittacosis antigen and from 25 of the 


pigeons virus of ornithosis was actually recovered. 


* This study was conducted under a grant from the International Health Divi- 
sion of the Rockefeller Foundation, 

1 Pinkerton, H., and Swank, R. L., Proc. Soc. Expr. Brow. And Mup., 1940, 
45, 704. 

2 Coles, J. D. W. A., Onderstepoort J. Vet. Sci. and An, Ind., 1940, 15, 141. 

8 Meyer, K. F., Eddie, B., and Yanamura, H. Y., Proc. Soc. Exp. Bron. AND 
Mmp., 1942, 49, 609. 

4 Meyer, K. F., and Eddie, B., J. Inf. Dis., 1939, 65, 234. 

5 Francis, T., Jr., and Magill, T. P., J. Hap. Med., 1938, 68, 147. 

6 Baton, M. D., Beck, M. D., and Pearson, H. E., J. Hap. Med., 1941, 78, 641. 

7 Rake, G., Eaton, M. D., and Shaffer, M. ¥., Proc. Soo, Exp. Brow. Any Mup., 
1941, 48, 528. 
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In view of this evidence the present study was undertaken to 
ascertain the distribution of ornithosis in the avian species of 
Michigan. 

1. Complement-fixation Test. (a) Preparation of Antigen. In 
this study the antigen was prepared in 100 cc amounts, a total of 
1100 mouse lungs being used. Fifty mice were inoculated intra- 
nasally with 0.05 ce of a 10% lung-suspension of the highly virulent 
F97 strain of meningo-pneumonitis virus. After 45 to 48 hours 
the lungs were removed from the mice aseptically and ground in a 
mortar with physiological saline (pH 7.6), approximating 2 ce of 
saline per lung. The procedure followed thereafter was the same 
as that employed in the preparation of psittacosis antigen.” Ex- 
actly the same procedure was followed in the preparation of antigens 
from normal mouse lungs which were used for controls. 

(b) Serwm was obtained from blood taken aseptically from the 
ulnar vein of the wing or if the bird was to be sacrificed, blood was 
taken from the heart. 

(c) The test was performed in essentially the same manner em- 
ployed for the diagnosis of psittacosis.* ‘Two full units of comple- 
ment were used in the tests:here reported. The hemolytic system 
consisted of washed sheep cells suspended in a dilution of ambo- 
ceptor so that 0.5 ce contained 2 units of amboceptor and a 2% 
suspension of red blood cells. The end point adopted was the highest 
dilution in which complement was completely fixed. 

As arule, each serum was titrated against both infected and normal 
lung-antigen. Owing to the fact that human sera give cross reactions 
with the antigen of lymphogranuloma venereum, a certain number 
of tests were made with the latter antigen as well. 

2. Isolation of Virus. In each instance, groups of 3 or 4 mice 
were inoculated intraabdominally with 10% suspensions of liver 
and spleen, kidneys and ovaries or testes, and 1% intestinal contents, 
respectively, from a single pigeon. ‘The mice were kept in isolated 
quarters. After an interval of 21 to 30 days all surviving mice 
were sacrificed and passage was made with suspensions of liver and 
spleen intranasally to normal mice. After a similar interval an 
additional passage with suspensions of the lungs of these mice was 
made intranasally. If no abnormalities were detected after 3 trans- 
fers, the series was discontinued. If pulmonary lesions were found 
the passages were continued until virulence was enhanced. Impres- 
sion-smears from the lungs were made, stained by the Machiavello 


8 Meyer, tr Lhe and E ddie, ine Ab Inf. Dis., 1941 , 68, 1. 
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technic’ and examined for elementary bodies. The characteristic 
pulmonary pathology also served in identification of the agent. 

The tests were controlled by the simultaneous maintenance of 
mice inoculated with non-infectious material under the same con- 
ditions. 

Results. (a) Pigeons. The pigeons were obtained as follows: 
24 from the Detroit Market; 24 from loft J. S., 12 from loft J. C., 
Ann Arbor; 20 from loft K in East Lansing; 18 from loft Dr in 
Lansing. The results of the complement-fixation tests are sum- 
marized in Table I. It is seen that positive reactions were obtained 
with 61% of the sera. The general incidence corresponds with 
that reported by Meyer, Eddie, and Yanamura’ in other states. ‘The 
percentage of positive reactions among the specimens from different 
groups ranged from 8.5 to 85. No significant difference in the num- 
ber of reactors could be attributed to sex, age, or the size of the 
pigeon’s spleen. 

It is of interest to record that while a marked parallel is obtained 
in the reaction of the serum of human subjects to the viruses of 
meningo-pneumonitis, psittacosis, and lymphogranuloma venereum, 
pigeon serum exhibits a greater specificity. The reaction to antigen 
of typical psittacosis was essentially the same as to M-P antigen. 


TABLE I. 
Complement-Fixation Test with Serum of Pigeons in Michigan. 


- Detroit Ann Arbor Ann Arbor Ann Arbor E. Lansing Lansing 
Market Loft J.8. LoftJ.c. lLoftJ.8. Loft K. Loft Dr. 


Titer 1-13-42 12-24-4] 1-9-42 4-2-42 3-26-42 3-26-42 
0 9 3 8 5 3 5 
Lee a | 1 1 0 1 J 
1:4 0 1 0 0 1 1 
1:8 0 0 0 1 2 2 
1:16 1 1 0 0 3 2 
1:32 2 2 0 1 5 3 
1:64 1 2 0 3 2 f 
1:128 4 2 0 4 2 2 
17256 3 0 0 0 J 0 
Anticomple- 

mentary 3 0 3 0 0 0 

Total 24 12 12 14 20 18 
No. of reactors 12 9 1 9 17 13 
% reactors 50 75 8.3 64 85 q2 
No. tested 12 12 14 
Virus i 

recovered ‘ x 1 Incomplete : df 


Total 


to 


ped ed 
PR CHWONONO AW] 


*Not attempted. 


9 Machiavello, A., Virus and Rickettsial Diseases, Harvard Univ. Press, Cam- 
bridge, Mass., 1941, p. 896. 
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Hut the sera of pigeons with high titers of complement-fixing anti- 
bodies to M-P virus failed to react with antigen prepared with the 
virus of lymphogranuloma venereum, These observations indicate 
that factors other than antigenic constitution play a rdle in deter- 
mining the cross-reactions obtained in serological tests, They sug- 
gest, furthermore, that the use of pigeon serum may be of value in 
the differentiation of this group of infectious agents, 

In addition, attempts were made to isolate virus from 36 indi- 
vidual pigeons irrespective of the serological status, Virus was 
recovered from the liver and spleen of one pigeon, and from the 
ovaries and kidneys of another (Table 1), The virus appears in 
all respects to be typical of the virus of ornithosis in pigeons 
(Meyer), The fact that material from 34 additional birds studied 
almultaneously yielded no virus appears to eliminate the possibility 
that the virus was resident in the stock of mice as reported by Nigg.”® 
Control passages have likewise been negative, 

(b) Other Domestic and Wild Fowl, Sera were obtained from 
109 domestic turkeys and 45 chickens in different parts of the state 
and from 2+ domestic ducks at the Detroit market, Sera from 55 
wild ducks, 25 ringneck pheasants and 10 Hungarian partridges 
were also obtained (Table 11), With 22 of the turkey sera fixation 
was observed in dilutions ranging from 1:4 to 1:16, Of the chicken 


TABLE II, 
Comploment-Mixation Test with Serum from Domestic and Wild Fowl in Michigan. 
et ek NR NT NE AEE NS Ns Ee 


Domestic Wild 
| cee comme — 5 \ Ce i) 
Hungarian 
Titer Chickens Turkeys Dueks Partridges Pheasants Ducks 
0 a6 a7 15 10 25 55 
4,2 Y+ 1+ 
4} a+ Ltt 0 0 0 
abt 
did 0 8-+++++4 
TS Re a 0 0 0 
Of 
4p 
1:8 0 I+ 
2+ 0 0 0 0 
L346 0 Qp+ + 84+ ++ 0 0 0 
1+ 
Anticomple- 
mentary 0 16 4 0 0 0 
Total 45 109 24 10 25 55 


WO Nigg, ©, Science, 1942, O5, 49, 


By 
4 ie i. 
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sera tested, 9 gave a reaction in the lowest dilution. With 5 of the 
sera of domestic ducks, reactions in serum dilutions of 1:2 to 1:16 
were obtained, Tests with the sera of the wild fowl were com- 
pletely negative. No attempts to recover virus were made. The 
results suggest that infection with ornithosis occurs in domestic 
turkeys and ducks while game birds, at least in Michigan, are rela- 
tively free of the infection, 

Summary, Complement-fixation tests with the virus of meningo- 
pneumonitis in Michigan revealed that 61 of 100 pigeons reacted 
with the antigen ; 41 of them in dilutions of 1:32 or greater. Pigeon 
serum fails to give the cross-reaction with lymphogranuloma vene- 
reum antigen which is commonly seen with human serum. 

Reactions of variable intensity were obtained with 22 of 109 
sera from domestic turkeys, with 5 of 24 sera from domestic ducks 
and, in the lowest dilution only, with 9 of 45 chicken sera. 

No reactions were observed with the sera of 90 wild fowl. 


The authors wish to express their appreciation for aid in obtaining blood sam- 
ples from the various sources to Dr, H. J, Stafseth, Michigan State College; Dr. 
Stanley Whitlock, Michigan Department of Conservation; Mr. W. F. Van Dien, 
Director of Michigan State Game Farm; and Dr, J. G. Molner, Deputy Commis- 
sioner of Health, Detroit, Michigan. The psittacosis antigen was kindly furnished 
by Dr. K, ?. Meyer of the Hooper Foundation, San Francisco; the lymphogranu- 
loma antigen by Dr, Clara Nigg of the Squibb Institute, New Brunswick, New 
Jersey, to whom we express our thanks. 
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Sinus Gland Extirpation in the Crayfish Without Eyestalk 
Removal. 


Frank A, Brown, Jr. (Introduced by C. Donnell Turner. ) 


Prom the Department of Zoology, Northwestern University, Evanston, Illinois. 


In view of the increasing volume of literature pertaining to endo- 
crine activities of the crustacean sinus gland, it is unfortunate that 
the only simple and sure method of removal of these glands from the 
body has involved the removal of the total eyestalk. The eyestalk 
constituting the most important light receptor of the organism, con- 
tains, in addition to the sinus gland, several important nerve ganglia, 
the x-organ, and other possible endocrine sources. For this reason 
the usual removal of so much additional tissue with the glands leaves 
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the interpretation of the results of eyestalk removal somewhat uncer- 
tain, to say the least. Furthermore, such a function as control of 
retinal pigment migration, which is believed by a number of endo- 
crinologists to be normally under the control of the sinus gland, has 
not yet been confirmed by such a crucial experiment as gland ex- 
tirpation since this latter has also always involved removal of the 
effector mechanism as well. Nearly every recent investigator in 
crustacean endocrinology has at one time or another attempted to 
remove the sinus gland while leaving the rest of the stalk intact. 
The only published attempt to date’ dealt with the highly transparent 
shrimp, Palaemonetes, The technic developed in this case was not 
sufficiently satisfactory to be used as a routine laboratory method, and 
furthermore could not be used successfully upon the great majority 
of crustaceans whose exoskeletons were relatively opaque. 

The simple technic described below has been devised to extirpate 
the sinus glands from crayfishes without eyestalk removal, and, in 
fact, with little apparent disturbance to the remaining functions 
of the stalk including vision. ‘The operation can be performed rap- 
idly, and after a little practice, bilateral extirpation of the glands in 
an animal can be accomplished in less than 5 minutes, With such 
speed, large numbers of animals may be operated in a relatively short 
time, 

The method is as follows: The animal from which the glands are 
to be removed is first secured to the stage of a low magnification 
dissection microscope by means of rubber bands in order to leave both 
hands of the operator free for action. The animal is readily 
orientated beneath the rubber bands into nearly any desired position. 
The operator then holds a capillary glass aspirating tube in his left 
hand and a pair of 3C watch-maker’s forceps in his right. With one 
point of the forceps, the eye is punctured approximately at point A 
(see Fig. 1) in the relatively thin cornea and the forceps point 
forced completely down through the eye. The eye is then carefully 
torn along the line A-B, The cornea of the eye at C and the visual 
elements of that region are carefully drawn away with the forceps 
and aspirator tube. The blood and diffusing pigment which im- 
mediately flow into the wound are also drawn out. As the fluids 
are aspirated, a concavity (D) is produced, and the sinus gland (E) 
comes into view at once, or it may easily be brought into view by 
teasing the region gently. The gland is then readily removed in 
one piece by means of the forceps. Since the gland is of a charac- 


1 Brown, F. A., Jr., Ederstrom, H. E., and Scudamore, H. H., Anat. Rec., 1989, 
75, Suppl, 129. 
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Dorsal view of the left eyestalk Se camtdhle immunis showing incisions made 
for sinus gland removal and the approximate location of the gland. 
teristic bluish-white tint and has a texture quite different from the 
surrounding tissue of the stall it may be thoroughly removed even 
though the gland breaks into several pieces due to clumsy initial 
treatment. 

This method of sinus gland removal gives a far lower percentage 
of operative deaths than does eyestalk extirpation. In several series, 
each involving sinus gland removals from 10 animals, I have had 
100% survival from the operation itself. Animals from which 
the sinus glands have been removed in this manner behave out- 
wardly much more normally than do animals without eyestalks. 
Their posture and responsiveness appear quite normal, and even 
vision appears not to be radically disturbed. The wound heals 
quickly, even though no precaution is taken to prevent bleeding. 

These operated animals, judging from the brief experiments which 
have been performed to date, appear to show the lowered vitality 
and increased molting rate which certain published data* * indicated 
should result from the removal of only the sinus glands. 


2 Brown, F. A., Jr., and Cunningham, O., Biol. Bull., 1939, 97, 104, 
% Kyer, Donald L., Biol. Bull., 1942, 82, 68. 
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Effect of Certain Hormones and Drugs on the Perfused 
Mammary Gland.* 


W. E. PETERSEN. 


From the Department of Dairy Husbandry, University of Minnesota, 


Although Ott and Scott’ demonstrated that an extract of the 
posterior hypophysis would cause an ejection of milk from the 
alveoli of the mammary gland this phenomenon was not associated 
with the natural let down of milk until the work of Ely and Petersen,’ 
who demonstrated that both the oxytocic and vasopressor substances 
of the posterior pituitary would cause an ejection of milk in the cow, 
Turner and Cooper® reported the same for the rabbit. Ely and 
Petersen observed fright or the injection of epinephrin inhibited 
the natural response to the milking stimulus. Petersen and Lud- 
wick* showed that the substance responsible for the ejection of milk 
is humoral in nature and that the blood from excited cows has great 
vasoconstricting properties in perfused bovine mammary glands, 

As a result of these observations, it was deemed advisable to test 
the effects of a number of substances upon the blood flow and the 
milk ejection mechanism in the bovine mammary gland. This re- 
port deals with 9 substances: oxytocin, pitressin, epinephrin, his- 
tamine, atropine, ergonovine, acetylcholine, Mecholyl (acetyl-8- 
methylcholine) and Lentin (carbamylcholine). 

The experiments here reported were on bovine mammary glands 
perfused according to the technic of Petersen, Shaw and Visscher.° 
The glands were obtained from a packing plant. The teats were 
cannulated to permit drainage of the milk immediately after the 
perfusion started and the cannula left in sitw during the experiment. 
The blood pressure was maintained at 110 mg Hg pressure at all 
times. The substances tested were injected into the arterial blood 
as it entered the gland. 

The number of experiments, dosage of the substance, effect on the 


* Scientific Journal Series Paper No. 2009, Minnesota Agricultural Experiment 
Station. Prepared with the assistance of Works Projects Administration, Official 
Project No. 165-1-71-124. 

1 Ott, I., and Scott, J. C., Proc. Soc. Exp. Bron. AND Mup., 1910, 8, 48. 

2 Turner, C. W., and Cooper, W. D., Endocrinology, 1941, 29, 320. 

3 Ely, F., and Petersen, W. E., J. Dairy Sci., 1941, 24, 211. 

4 Petersen, W. E., and Ludwick, T. M., Federation Proc., 1942, 1, 66. 

5 Petersen, W. E., Shaw, J. C., and Visscher, M. B., J. Dairy Sci., 1941, 24, 139. 
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blood flow and the effect on the ejection of milk are given in Table I 
for each substance tested. As the rate of the blood flow and the 
amount of milk in the glands varied greatly in the different experi- 
ments, it is not advisable to quantitate the data on such a basis, 
That ten units of Pitocin would quantitatively express the milk 
from a gland has been ascertained in many experiments. Pitocin 
injections following the use of any other substance was, therefore, 
resorted to as a test for the completeness of the milk ejection. 

Only Pitocin and acetylcholine caused complete evacuation of milk 
from the gland. Of these acetylcholine did not affect the rate of 
blood flow while Pitocin caused a decrease. The vasoconstricting 
effect of Pitocin may be attributed to the pitressor principle which it 
contains. Pitressin (10 units) caused a marked decrease in blood 
flow and an incomplete evacuation of milk as in all experiments 
varying quantities of milk were obtained with Pitocin following 
pitressin. 

The mammary gland seems to be unusually sensitive to epinephrin, 
for as little as 0.05 mg caused a 50% reduction and 0.1 and 0.2 mg 
completely stopped the blood flow. In all cases some milk was 
ejected with this hormone. Histamine also proved to be a powerful 
vasoconstrictor in the mammary gland and produced milk ejection 
of approximately the same magnitude as epinephrin. 

Ergonovine in 0.2 to 0.6 mg doses proved to have no effect upon 


the ejection of milk but caused some vasoconstriction. 


While acetylcholine caused a complete ejection of the milk acetyl- 
B-methylcholine (Mecholyl) in as large and larger doses caused but 
a partial evacuation of milk from the gland. Carbamylcholine in 

TABLE I. 


Effect. of 9 Hormones and Drugs upon the Blood Flow and Ejection of Milk in the 
Perfused Mammary Gland. 


Effect 
No. of Effect on on milk 
Substance exper. Amt used blood flow ejection 
Pitocin 12 10 units decrease 8-20% ¢ complete 
Pitressin 6 Or 2 77 40-60% partial 
Epinephrin 10 0.05-0.2/ mg 97 -50-100% partial 
Histamine 10 0.5-10 mg 97: §0-100% partial 
Ergonovine 6 0.2-0.6 mg 14 -10-20% no effect 
Acetylcholine 5 4.0-100 mg no effect complete 
ee ee tte 4 25.0-150 mg ie partial 
Carbamylcholine 4 2-3 mg slight increase no effect 
Atropine 8 2-4mg Le oe a fe 
ees following 
3 100 mg no effect io bet. 
7i-p-methylcholine 
seat atropine 2 250 mg oT hil 
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2 to 8 mg doses had no effect upon milk ejection. Atropine tended 
to increase blood flow slightly and completely prevented any response 
to acetylcholine and acetyl-8-methylcholine but had no effect upon 
the action of Pitocin or pitressin. 

From these observations it would appear that the mammary gland 
is innervated with the parasympathetics as well as the sympathetics. 


The acetylcholine, Mecholyl and Pitocin used in these experiments were fur- 
nished by Merck and Company through the courtesy of Doctor D. F. Green. 
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Studies on the Toxicity of Protamine. 


WALTER B. SHELLEY, MyrTLe P. HopGKINs AND M. B. VISSCHER. 
From the Department of Physiology, University of Minnesota. 


The parenteral administration of protamine has been suggested 
by Jorpes* and Ravdin’ as a clinical method of terminating the action 
of administered heparin. Since the toxic effects of the protamines 
have not been extensively studied, further investigations seemed 
desirable. 

Thompson® and later workers have shown that relatively large 
doses of protamines produce dyspnea, a marked fall in the blood 
pressure, diminished blood coagulability, and in sufficient dosage, 
death. These symptoms were observed in several animal species. 
Thompson felt that the action of protamines could best be explained 
on the basis of a general toxic effect on the cardiovascular and re- 
spiratory systems. Postmortem studies on rabbits and mice, killed 
by subcutaneous injection of protamine, have been performed by 
Vartiainen and Marble.* Hemorrhages in the thymus, lungs, and 
kidneys were the most constant findings. 

Although Kern and Langner® and earlier workers® had failed to 
produce anaphylaxis with protamine, Walther and Ammon’ recently 
claimed to have produced fatal anaphylactic shock in guinea pigs 


1 Jorpes, E., Edman, P., and Thaning, T., Lancet, 1939, 237, 975. 

2 Ravdin, I. S., Am. J. Med. Sc., 1941, 201, 299. 

3 Thompson, W. H., Trans. Roy. Acad. Med. in Ireland, 1900, 18, 426. 

4 Vartiainen, I., and Marble, A., J. Lab. and Clin. Med., 1941, 26, 1416. 
5 Kern, R. A., Langner, P. H., J. A. M. A., 1939, 113, 198. 

6 Wells, H. G., Physiol. Rev., 1921, 1, 44. 

7 Walther, G., and Ammon, R., Klin. Wschr., 1939, 18, 288. 
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with this substance. Their work, however, does not rule out the 
possibility that their animals died from direct toxicity of the shock 
dose (anaphylactoid shock) rather than from anaphylactic shock. 
Accordingly, we have investigated the effect in previously untreated 
animals of the shock dose employed by Walther and Ammon 
(120 mg/kg). 

Method and Results. One to 3% aqueous solutions of salmine 
sulfate* were employed. Injections were made into the heart, 
saphenous vein, and peritoneal cavity of 23 guinea pigs and 3 rats. 
The results are summarized in Table I. The animals showed typical 
anaphylactoid symptoms,® including weakness, dyspnea, and con- 
vulsions, leading to death. The heart beat continued after respira- 
tion had ceased. Hence it is probable that Walther and Ammon did 
not produce anaphylactic shock since their only proof rests on the 


TABLE I. 
Effect of Saline Sulfate on the Normal Animal. 
Dose, Survival 
mg/100 ¢g period 
Animal body wt (min. ) 
A. Intraeardiae Injection. 

Guinea Pig 12 3.0 
a ee 7% 12 3.0 
23 g 12 3.5 
a ee 12 2.0 
99 3) 12 2.0 
ay 2 12 5.0 
me ae 12 2.0 
a #2 12 3.0 
oe ay 10 3.0 
Lied 2? 10 OAS 
ee Ne 10 3.5 
a “ae 6 18.0 
24 a 5 Survival 
2) ??) 3 ? 

Rat 36 0.2 

2) 12 3.5 
#2 2 3.0 


B. Intravenous Injection. 


Guinea Pig 12 2.0 
fe ea 12 3.5 
22 i) 12 2.5 
Z3 a 12 4.0 
2? 12 3.5 


C. Intraperitoneal Injection. 
9 


Guinea Pig 12 2 hr 15 min 
Jem 2?) 12 ag 27 55 ?) 
a0. 2) 12 2 2790 Pep) 
”) ” 12 bees 


* Kindly placed at our disposal by Eli Lilly and Company, Indianapolis, Indiana, 
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symptomatology which we have duplicated entirely in the normal 
non-sensitized animal, 

In an attempt to explain these anaphylactoid symptoms, further 
experiments were conducted, It was found that the addition of 
salmine to the whole blood of human beings, dogs, rabbits, cats, 


guinea pigs, rats, and mice produced a thready precipitate, In the 
human, dog, cat, and rat blood, gross agglutination of the blood 
corpuscles occurred, However, in rabbit, guinea pig, and mouse . 


blood this phenomenon did not take place, Upon the addition of 
salmine to plasma a heavy white flocculent precipitate appeared. 
Serum, when treated similarly, exhibited only turbidity, These 
effects occurred in the whole blood, plasma, and serum in both the 
presence and absence of such anticoagulants as heparin, citrate and 
oxalate, 

Ten mg of salmine per ml of plasma were required to produce 
maximum precipitation, Analysis of the total protein before and 
after such treatment with salmine showed removal of a quantity 
somewhat larger than the determined fibrinogen content. It was 
found that the precipitate could be redissolved in Ringer's solution 
or plasma by the addition of polyvalent ion salts or by a change in 
pH. After treatment of plasma with 10 mg of salmine per ml, 25% 
saturation with (NH,).SO, yielded no precipitate. Upon increas- 
ing the concentration to 50% and 100%, however, voluminous pre- 
cipitates resulted, 

Since the addition of salmine to blood produced a precipitate, and 


TABLE TW, 
Effects of Salmine Sulfate upon Perfusion Plow through Organs of Guinea Pig. 


Interval 
detween 
Tujeetion Control Min, Inj. and 
Organ dose rate of flow rate of flow min. flow 
perfused Perfusion flaid (mg) (mVmin) — G@al/min) (min) 
I, Lung Ringer ’s Solution 60 20.0 20.0 
" Dog whole blood 
(oxalated) 60 104 Q $8 
Ks a 10 12.0 0 40 
2 3 20 10.0 Q 7.0 
a2 2s 20 15.0 0 3.0 
ay a 20 9.0 Q 0.25 
¥ a 30 8.0 0 LU) 
?? ” 20 64 Q 1.0 
II. Liver Dog Serum 20 19.2 18.2 
a3 a2 id 40 20.0 20.0 
a3 Guinea pig whole 
blood (citrated) 20 §.2 ww 3.0 
»» 


ai 20 72 Q 8.0 
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in some animals cell agglutination, it seemed possible that these 
changes would have vascular occlusive effects. ‘To test this hypothe- 
sis, salmine was added to blood flowing into perfused organs, ‘The 
results are presented in Table I]. Dog blood was used in most of 
these experiments because it was difficult to secure a_ sufficient 
quantity of guinea pig blood. It is seen that the addition of 10 mg or 
more of salmine to either dog or guinea pig whole blood resulted in 
rapid decline or cessation of blood flow. On the other hand no such 
effect was obtained upon the addition of salmine to dog serum or 
Ringer’s solution. 

Discussion. The data in Table I demonstrate that the dose of 
salmine which Walther and Ammon interpreted as causing death by 
anaphylaxis actually produced death in previously untreated guinea 
pigs. The in vitro experiments conducted on the blood suggest a 
more reasonable explanation of the toxicity of protamines than those 
proposed by previous authors.*’*’ The data indicate that salmine 
exerts a toxic effect by the formation of multiple emboli. The pre- 
cipitate noted when salmine was added to whole blood, as well as 
the agglutination of cells observed in some species, probably caused 
the vascular occlusive effects found in the perfusion experiments. 

The studies of the salmine precipitate lead to the view that, in suit- 
able concentrations, salmine will precipitate certain blood proteins, 
essentially fibrinogen.t By virtue of its high isoelectric point, 
salmine at blood pH has a positive charge while the plasma proteins 
are negatively charged. Hence, it is likely that salmine combines 
with these oppositely charged colloids. The peptizing effect of pH 
changes and of the addition of polyvalent ion salts on the salmine 
precipitate lend further support to this view. Abramson® has 


pointed out that “mutual precipitation of charged colloids is observed 


only when at least one of the substances is easily precipitated by 


. electrolytes.” On this basis it is not surprising that fibrinogen, which 


is most easily salted out, is precipitated by salmine. 

Of equal importance is the effect of salmine upon the erythrocytes. 
It is probably not a coincidence that the animal species shown by 
Jaques® and Jorpes* to be most sensitive to protamine are also those 
whose red blood cells are agglutinated by this agent. On the con- 


+ Since the writing of this report Mylon, Winternitz, and de Suto-Nagy have 
published a method for determination of fibrinogen with protamine (J. Biol. Chem., 
1942, 143, 21). 

_8 Abramson, H. A., Moore, D. H., J. Lab. Clin. Med., 1940, 26, 174. 


9 Jaques, L. B., Charles, A. F., and Best, C. H., Acta Med. Scand., 1938, Supp., 
90, 190. 
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trary, the species which are more resistant to protamine show absence 
of red cell agglutination by this agent. 

On the basis of these findings, the intravenous use of large doses 
of protamine in clinical practice would seem not to be without 
danger. 

Summary. 1. Intravenous administration of the protamine, 
salmine sulfate, to untreated guinea pigs and rats produced death 
at dose levels of 6-12 mg/100 g. Intraperitoneal injection delayed 
these effects. 2. The addition of salmine sulfate to whole blood or 
plasma resulted in the formation of a flocculent protein precipitate. 
Addition to whole blood caused hemagglutination in the human, dog, 
cat, and rat. 3. The addition of salmine sulfate to whole blood per- 
fusing isolated organs caused cessation of flow. Addition of com- 
parable amounts to Ringer’s fluid and serum perfusing organs was 
without effect upon the rate of flow. 4. These experiments suggest 
the possibility that protamines exert toxic effects through embolic 
vascular phenomena. 
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Studies on Peptic Inhibition. 


Davin SHocuH AND S. J. Focetson. (Introduced by C. J. Farmer.) 


From the Departments of Physiological Chemistry and Surgery, Northwestern 
University Medical School. 


This report is a study of peptic activity as affected by the various 
substances used clinically in the treatment of gastro-duodenal ulcera- 
tive disease as well as of pepsin inactivators. Our specific objective 
was to learn whether these substances act directly on the pepsin 
or indirectly through the medium of a pH change. 

Hammarsten' and Helmar, e¢ al.,? showed that peptic activity 
decreases as the pH increases from 1 to 7, being completely in- 
activated at pH 7. Recently Komaroy* and Schiffrin* reported 
that various aluminum and magnesium compounds inhibit peptic 
activity atthe optimum pH range, from 1 to 2. Their use of Mett 
tubes to determine peptic activity plus their procedure of centrifuging 


1 Hammarsten, O., Hoppe Seyler’s Z., 1922, 121, 261. 

2 Helmer, O. M., Fonts, P. J., and Zerfas, L. G., Am. J. Dig. Dis., 1934, 1, 120. 
3 Komaroy, S. A., and Komaroy, O., Am. J. Dig. Dis., 1940, 7, 166. 

4 Schiffrin, M. J., and Komaroy, 8S. A., Am. J. Dig. Dis., 1941, 8, 215. 
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out the undissolved material made this method unsatisfactory for 
our use. The Mett tube method possesses the disadvantage of a 
slow rate of digestion as well as the difficulty in obtaining a repro- 
ducible substrate. Centrifugation removes the adsorbed pepsin but 
does not prove its inactivation. 

Methods. We found the Anson-Mirsky* ° hemoglobin method as 
modified by Beazell’ reliable and accurate. The source of pepsin 
was either a solution of granular pepsin* in N/10 HCl or gastric 
juice collected from a Pavlov pouch dog. 

Our procedure was as follows: In one-half of our experiments 
the substances studied were incubated with gastric juice for 15 
minutes at 37°C, determining the pH before and after incubation. 
Then an aliquot portion of the incubated material was added to 5 cc 
of a4% hemoglobin substrate. This was incubated for 15 minutes 
at 37°C and the undigested hemoglobin precipitated with 10 cc of 
4% trichloracetic acid. The amount of digestion was determined 
by measuring the tyrosine, colorimetrically by Folin’s method, in an 
aliquot portion of the filtrate. 

In the second group of experiments exactly the same procedure 
was followed except that before incubation the substances used 
were brought to a pH between 1 and 2 with HCl. The substances 
tested were aluminum hydroxide, aluminum phosphate, magnesium 
trisilicate, and Mucin. 

In addition to these therapeutically used substances, Dr. H. B. 
Bull of the Department of Physiological Chemistry, suggested using 
a protein denaturant.* This denaturant was a commercial sample 
of sodium lauryl sulfate.” *” ' It is a surface active agent which 
has the property of denaturing proteins in very small concentrations. 

Results. Unbuffered aluminum hydroxide, aluminum phosphate, 
magnesium trisilicate, and Mucin inhibited peptic activity. From 
Graphs J, III, V, and VII it can be seen (curves A) that as the 
concentration increased the peptic activity decreased. However, these 
same graphs show that as the concentration increased the pH in- 
creased; (curves B), the two curves paralleling each other. The one 
exception was sodium lauryl sulfate where the pH remained inde- 


5 Anson, M. L., and Mirsky, A. E., J. Gen. Physiol., 1932, 16, 59. 

6 Anson, M. L., and Mirsky, A. E., J. Gen. Physiol., 1938, 22, 79. 

7 Beazell, J. M., Schmidt, C. R., Ivy, A. C., and Monaghon, J. G., Am. J. Dig. 

Dis., 1938, 5, 661. 

* 1/10,000 spongy pepsin (3 & U.S.P.) Generously supplied by Armour & Co. 
8 Bull, H. B., and Neurath, H., J. Biol. Chem., 1937, 118, 163. 

9J. Ind. and Eng. Chem., 1941, 33, 17. 
10 Degering, J. Chem. Educ., 1941, 18, 102. 
j1 Blair, C. M., J. Chem. Educ,, 1941, 18, 246. 
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pendent of the concentration (Graph IX), but peptic activity was 
markedly inhibited with as small a concentration as 0.2%. 

In the other half of the experiments where the pH was kept con- 
stant by buffering with HCl (Graphs II, IV, VI, VIII, curves B) 
the peptic activity (curves A) remained practically unchanged. 

Discussion, With the exception of sodium lauryl sulfate peptic 
inhibition occurred only when the concentration was sufficient to 
markedly alter the pH, as is shown by the absence of inhibition when 
the pH is kept constant. With sodium lauryl sulfate, however, we 
found that pepsin inactivation occurred with no pH change. 
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Increasing concentration of aluminum hydroxide decreases peptic activity only 
when the aluminum hydroxide is unbuffered. 
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Increasing concentration of aluminum phosphate decreases peptic activity only 
when the aluminum phosphate is unbuffered. 
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Increasing concentration of magnesium trisilicate decreases peptic activity only 
when the magnesium trisilicate is unbuffered. 
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We have reported previously’ that similar peptic inhibition by 
sodium lauryl sulfate occurs in vivo and will markedly increase the 
survival time of dogs with ulcers induced experimentally by the 
massive histamine injection method of Code, et al.** ™“ 

Conclusions. 1, Aluminum hydroxide, aluminum phosphate, mag- 


12 Shoch, D., and Fogelson, 8. J., Quart. Bull. N. U. M. S., 1942, in press. 
13 Walpole, S. H., Varco, R. L., Code, C. F., and Wangensteen, O. H., Proc. Soc. 
Exp. Bron. AND Mep., 1940, 44, 619. 


14 Varco, R. L., Code, C. F., Walpole, 8S. H., and Wangensteen, O. H., Am. J. 
Physiol., 1941, 33, 475. 


308 Forcen Ovutation or Normat Fountcues 


IX Soon Laurye Sucrate 
nN Activity/eone Jp 


Bowe aliens 


5 


I ea QS Sa ss Sees On ak gens Soe es eRe Ree eee tg 
Reo - ~Bl, 
x 

Ayo Ss 
de 

SS 

Se 4a 
S& 

aX 


& 


w 
oo 


q 7 
ar oa as o. as 
Cencentration nm Percent” 
Grarn TX, 
This shows how sodium lauryl sulfate decreases peptic activity without any 
alteration in pH. Note effectiveness of dilute concentrations. 
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nesium trisilicate, and mucin inhibited peptic activity by altering the 
pH, the percent of inhibition being directly related to change in pH. 
2. Of these 4, magnesium trisilicate was the most effective inhibiting 
agent, exerting the greatest effect on the pH. 3. Of the substances 
used, sodium lauryl sulfate alone completely inhibited peptic activity 
without any alteration in pH. 
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Foreed Ovulation of Nermal Ovarian Follicles in the 
Domestic Fowl. : 


R. M. Fraps, M. W. Ousen AND B. H. Newer. 


From the Bureau of Animal Industry, U.S. Department of Agriculture, Beltsville 
Research Center, Betisville, Maryland. 


The induction of multiple ovulation following intravenous injec- 
tion of a luteinizing preparation into hens pretreated with pregnant 
mares’ serum administered subcutaneously for 6 to 100 days has 
been described.* The results set forth in this paper show that ovula- 
tion of normally maturing follicles can be forced by at least 17 
hours, While the absolute prematurity of ovulation imposed on 


2 Fraps, RLM. and Riley, G. M, Proc, Soc. Exp, Bron, aND Mma, 1942, 49, 953. 
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the maturing follicle seems perhaps small in comparison with some 
results on mammalian species, the interval is of striking magnitude 
relative to the normal interval, 24 to 27 hours, between successive 
ovulations in laying hens. In the regularly laying hen the time of 
next expected ovulation as well as the time of induced ovulation’ 
can be predicted with relatively high accuracy, contributing greatly to 
interpretation of results based on ovulation of follicles by even a 
few hours prematurity. 

Time Relations in Normal and Induced Ovulation, ‘estimation of 
prematurity of ovulation following experimental treatment was made 
as follows: 

(1) The time of next expected normal oviposition was estimated 
on the basis of the hen’s previous record of lay. | One half-hour 
beyond this time was taken as the time, to within one hour, of next 
expected normal ovulation.* * ° 

(2) At autopsy of hens, generally 8 to 11 hours following injection, 
the position of the ovulated yolk in the oviduct was determined by in- 
spection, and by reference to Warren and Scott’s’ time schedule of 
progression of the yolk through the oviduct the time of actually 
induced ovulation was estimated. When ovulated yolks were found 
in the body cavities of autopsied hens, the time of ovulation was 
taken as the average time at which ovulation occurred in those hens 
of the same or of a comparable group with yolks in their oviducts. 
In general, estimates of time of induced ovulation should be accurate 
to within +0.5 hour. 

Having established the time of expected normal ovulation and the 
time of induced ovulation, prematurity of ovulation was obtained as 
the difference, expressed in hours, between the actual and the normally 
expected events. All calculations were made for each hen individ- 
ually. 

Materials and Methods. White Leghorn and Rhode Island hens 
in their first or second year of production were used in all experi- 
ments. Birds of the 2 breeds and ages were so distributed to various 
experimental groups that reaction differentials arising from these 
sources were minimized. All hens ‘were kept in individual laying 
cages under a constant 14-hour light-day for at least 2 weeks before 
being subjected to experimental treatment. During this period—in 


2 Fraps, R. M., Riley, G. M., and Olsen, M. W., Proc. Soo. Exp. Brow. anp Mup., 
1942, 50, 513. 

3 Warren, D. C., and Scott, H. M., Poultry Science, 1935, 14, 195. 

4 McNally, E. H., and Byerly, T. C., Poultry Science, 1926, 15, 280. 

5 Phillips, R. E., and Warren, D. C., J. Map. Zool., 1937, 76, 117. 
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most instances for a considerably longer time—hourly laying records 
were maintained from 8:00 a.m. to 4:00 p.m. to provide the data 
required for estimation of prematurity of induced ovulation. 

Four hormone preparations were injected intravenously with 
effective result. The designations and assay data of these prepara- 
tions follow : 

(1) LH Preparation.* A luteinizing preparation derived from 
horse anterior pituitaries, assaying 20 rat seminal vesicle units 
(Fevold test) per cc, and containing also follicle stimulating hormone 
in considerable quantities. This is the same preparation previously 
used in bringing about multiple ovulations in pretreated hens.* 

(2) Prephysin (Chappel Prephysin-veterinary).t Primarily the 
follicle stimulating principle, but containing also “a relatively small 
amount of the luteinizing hormone.’”’ Assayed in rat units for follicle 
stimulating hormone: 50 rat units per cc. 

(3) Gonadin (Gonadin Serum veterinary).? The sterile serum 
of pregnant mares, standardized to contain 50 rat units per cc. 

(4) Anteron.§ Concentrate of the active gonadotrophic principle 
of the serum of pregnant mares, standardized in international units, 
and used in the present experiments at ca. 1200 I.U. per cc diluent. 

No attempt was made to reduce the gonadotrophic potencies of 
the four preparations to a single standard, since this was deemed 
secondary to the demonstration that each was effective in bringing . 
about premature ovulation of the normally maturing ovarian follicle. 

Results. The data presented in Table I show that the rupture 
of ovarian follicles can be induced by at least 17 hours before nor- 
mally expected ovulation (Anteron, 1200 units, 10:00 a.m. in- 
jections). This is not necessarily the maximum prematurity of 
follicles in which ovulation can be induced. In one hen injected with 
LH-Chappel at the 20 unit level two follicles were caused to rupture. 
One of these was presumably of ca. 27, the other of ca. 4.0 hours 
prematurity. The weights of the two ovulated yolks were 19.4 and 
16.9 g, the order of difference in weights being that expected in 
ovarian follicles due to ovulate on successive days. On the other 
hand, the injection of Anteron at the 1200 unit level, a level of sub- 
maximal effectiveness in causing ovulation of follicles of 11 hours or 
more prematurity, did not bring about ovulation of more than a 
single follicle in any hen injected for effect at almost the same time 


* Extract especially prepared by Chappel Laboratories, Rockford, Ill. 
+ Chappell Laboratories, Rockford, Ill. 

+ Cutter Laboratories, Chicago, Ill. 

§ Supplied by courtesy of Schering Corporation, Bloomfield, N.J. 
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; TABLE I. 
Ovulation of Single Follicle Following Intravenous Injection of Hormone Preparations into 
Hens. 
Hens Estimated prematurity 
~ | 
Quantity, Timeof Injected, Ovulating, Avg Range 
Preparation units injection No. No. % hrs hrs 
LH (Chappel) 20 11:45 p.m 7 We 100 3.48 ey oe 
20 7:30 3 3 100 8.40 8.3- 8.5 
20 4:00 3 3 100 11.20 10.8-11.7 
8 4:00 a ze 100 10.30 10.8-11.7 
4 4:00 3 3 100 10.30 9.7-10.8 
2 4:00 3t Ot Se TAO s — 
Prephysin 100 3- 4:00 3 3 100 11.8 11.2-12.1 
(Chappel) 50 = 3- 4:00 3 2 37 11.0 11.0-11.1 
50 9:00 3 2 67 6.3 Seles O 
Gonadin Serum 150 =4- 5:00 10 7 70 10.0 8.8-11.0 
(Cutter) 100 4:00 3 2 67 11.8 11.1-13.1 
50 3- 4:00 6 2 33 10.6 9,5-12.7 
50 12:00 midnight 3 2 67 3.5 2.4- 5.6 
40 8:00 p.m. 3 1 33 4.9 4.0- 6.3 
20 8:00 3 0 — ea.5.0¢ — 
10 8:00 3) 0 — ea.6.0¢ — 
Anteron 1200 10:00 a.m. 12 3 25 16.94 14.2-17.8 
(Schering ) 1200 12:00 noon 12 fl 58 14.89 14.1-15.7 
1200 4:00 p.m. 8 7 88 11.14 9.0-13.2 
1200 BOW ca coaalal 11 100 —0.64 —1.4- 2.9 
400 4:00 p.m. a iE 25 10.88  10.2-11.6 
120 4:00 4 0 = ¢al0.50¢ — 


*Two follicles ovulated in one hen of this group. 
tNo follicle was ovulable in one hen of this group. 


tThese figures represent the approximate time at which ovulation might have been expected 
at next highest effective injection level. 


that normal ovulation was expected (Table I, Anteron, —0.64 
hour prematurity ). 

It should be noted that the negative value of estimated prema- 
turity in this group of hens indicates that in some birds ovulation 
may have occurred independently of and prior to effect by the in- 
jected hormone; the fact that the ovulated yolk was found in almost 
precisely the same portion of the oviduct in every hen, each autopsied 
exactly 10 hours after injection, is however sufficient proof of in- 
duced oyulation in those hens normally due to ovulate later than was 
actually recorded. 

The effectiveness of injection at submaximal levels is dependent 
to a high degree upon the maturity of the ovulating follicle. The 
results obtained following injection of Anteron at the 1200 LU. 
level and at differing times before expected normal ovulation (Table 
I) bring out the relation clearly. A similar relation appears following 
injection of Gonadin Serum, 50 units inducing ovulation in only 33% 


SZ ForcED OVULATION OF NORMAL FOLLICLES 


of hens with follicles of 10.6 hours prematurity, but in 67% of hens 
with follicles of 3.5 hours prematurity. 

Comment. The results on forced rupture of the ovarian follicle 
of the domestic hen under the procedures reported in this paper 
indicate that consummation of the ovulatory process requires the 
action of a specific hormone or combination of hormones upon rela- 
tively mature follicles. The nature of the effective hormone or 
combination of hormones will be considered elsewhere. Of more im- 
mediate interest is the demonstration, not unexpected, that the ef- 
fectiveness of ovulatory preparations decreases with increasing pre- 
maturity of the ovarian follicle. The data indicate also that the ‘“‘rela- 
tive prematurity” of a follicle, as measured by ovulatory response, is in 
part a function of level of injection of the ovulatory preparation ; there 
appears nevertheless to be a limit beyond which increasing dosages 
will have no effect. Follicles of not more than 8 or 10 hours prema- 
turity are ovulable in a high degree under the conditions described 
in this paper. It seems probable, though certainly not proved, that 
normal ovulation in the fowl is consequent upon the sudden release 
of an appropriate hormone into the blood stream. This hypothesis 
is now under investigation. 

Summary, Ovulation of the normally growing follicle of the 
hen’s ovary can be induced by as much as 17 hours prior to time of 
expected normal ovulation by intravenous injection of appropriate 
hormones. <A luteinizing preparation from horse anterior pitui- 
taries effected ovulation of follicles 10 to 11 hours prior to time of 
normally expected ovulation in 100% of injected hens at a level of 
4 rat units (Fevold rat seminal vesicle test). The commercial prep- 
arations Prephysin, Gonadin serum and Anteron were effective when 
administered at sufficiently high levels. At appropriate submaximal 
injection levels the percentage of ovulating hens decreased with in- 
creasing prematurity of the ovarian follicles; this effect is more pro- 
nounced in follicles of relatively great prematurity at the time of 
effect of the injected hormone. 


SiS 
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Time Required for Induction of Ovulation Following Intravenous 
Injection of Hormone Preparations in Fowl. 


R. M. Fraps, G. M: Rirey anp M. W. OLSEN. 


From the Bureaw of Animal Industry, U. 8. Department of Agriculture, Beltsville 
Research Center, Beltsville, Md. 


In both the normal (non-pretreated)* and the pretreated’ hen, 
ovulation is induced by the intravenous injection of appropriate 
hormone preparations, and it has become a matter of interest to 
determine the interval between injection of the ovulatory prepara- 
tion and rupture of the ovarian follicle. In most hens under the 
conditions of experiment thus far employed the interval is between 
6.5 and 8.5 hours, indicating a remarkably direct effect of the in- 
travenous injection. 

Materials and Methods. Only White Leghorn hens approxi- 
mately one year of age were used in the tests of pretreated hens. 
White Leghorn and Single Comb Rhode Island Red hens of dif- 
fering ages were injected in establishing the ovulatory interval for 
normally laying (non-pretreated) hens. Most of the hens in this 
latter group served simultaneously in supplying data on rupture of 
the premature normal follicle... Additional hens were used in the 
present connection, particularly in checking the minimal time of 
response to the ovulatory injection. 

All hens were kept in laying batteries under a constant 14-hour 
light day, and hourly laying records were maintained for two weeks 
prior to and during the experimental period. 

The pretreated hens were all intravenously injected with the 
luteinizing preparation from horse anterior pituitaries previously 
used in the induction of multiple ovulation.” In the normally laying 
(non-pretreated) hens the same preparation was used in addition to 
the predominantly follicle-stimulating preparation, Prephysin, and 
two preparations from the serum of pregnant mares, Gonadin serum 
and Anteron.* Each preparation was administered over a con- 
siderable range of dosages. 

The procedure used in pretreatment was essentially that described 


1 Fraps, R. M., Olsen, M. W., and Neher, B. H., Proc. Soc. Exp. Brou. AND 
Mep., 1942, 50, 308. 

2Fraps, R. M., and Riley, G. M., Proc. Soc. Exp. Biot. AND Mep., 1942, 
49, 253. 

* These products are briefly described in citation 1, above. 
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earlier,” 100 rat units of pregnant mares’ serum being adminis- 
tered subcutaneously, daily, through 8 days. After pretreatment 
the ovulatory injection (the luteinizing preparation only) was made 
at the uniform level of 20 rat units (Fevold seminal vesicle test) 
per hen. The injected hens were sacrificed at known times and upon 
autopsy the number of ovulated follicles was determined. If an 
ovulated yolk had entered the oviduct, the oviducal level at which 
it was found was ascertained as carefully as possible. The time 
required by the yolk, following ovulation, to reach definitive regions 
of the oviduct was then estimated on the basis of the time relations 
described by Warren and Scott.? The time of ovulation was thus 
arrived at, and the difference between known time of injection and 
estimated time of ovulation was taken as the interval required for 
ovulatory effect. This estimate of the ovulatory interval applies 
of course only to the yolk picked up by the oviduct. In some hens 
ovulated yolks were found only in the body cavities at autopsy; it 
was assumed that in these hens ovulation had occurred not more 
than 15 minutes prior to the time of autopsy.* The progress of 
ovulated yolks may not be entirely normal in pretreated hens, and 
the data reported for such hens are accordingly limited to groups in 
which yolks were in the anteriormost levels of the oviduct or free 
in the body cavities of autopsied hens. 

Estimation of time of ovulation of yolks in normally laying hens 
(non-pretreated) was identical with procedures just described except 
that estimates were made also for yolks in more advanced oviducal 
regions in a number of instances, but in no case for yolks beyond 
the isthmus. 

Results. (1) Pretreated Hens. A considerable number of pre- 
treated hens were autopsied at various intervals following injection 
of the ovulatory preparation, intervals which proved much too long 
to permit of accurate estimates of times of ovulation and hence of 
the ovulatory interval. Results on these birds and others which 
served to determine the approximate ovulatory interval need not 
be discussed here. 

Injection and autopsy data on 4 groups of hens sacrificed at 
around 7 hours following the ovulatory injection are given in 
Table I. Fourteen of the 15 injected hens had ovulated at the time 
of autopsy, the single failure nccurring in a hen of the group in- 
jected at 8:30 am. The number of ovulations per ovulating hen 
also was lowest in the 8:30 a.m. group, the average being 1.5. While 
the differences between the 8:30 a.m. and the other groups may be 


3 Warren, D. C., and Scott, H. M., Poultry Sct., 1935, 14, 195. 
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TABLE I. 
Time of Ovulation Following Intravenous Injection of a Luteinizing Preparation, 
20 Units per Hen, into White Leghorn Hens Pretreated with Pregnant Mares’ 
Serum, 100 Units Daily, through 8 Days. 


Injection to ovulation 


Time of Injection to Ovulations per — 

No. of ovulatory autopsy, ovulating hen, Avg, Range, 
hens injection hr No. hr hr 

5 8:30 a.m. 7.2 1.5 7.0 6.6-7.2 

4 1:00 p.m. (fal 2.3 6.7 6.3-7.1 

3 6:00 Mel 3.3 6.9 6.6-7.1 

3). 9:15 Tal 2.7 6.6 6.1-7.0 


of some significance in other connections, there appears to be no 
consistent trend in either average time from injection to ovulation 
or in range of the ovulatory interval in hens injected at different 
times of the day. 

The time from injection to ovulation, averaged by groups, varied 
by only 0.4. hour, and the range in ovulatory interval for all ovulating 
hens was from 6.1 to 7.2 hours. Since the average time from in- 
jection to autopsy was only 7.1 hours, the average time from in- 
jection to ovulation, 6.8 hours for the 14 ovulating hens, cannot 
possibly be more than 0.3 hour in error on the maximal side. The 
time of first ovulation following injection is not so positively 
determined, since this involves estimation of age of yolks in oviducts 
and must assume that the first yolk to be ovulated is also the first 
to be picked up by the oviduct. The minimal figures for the ovulatory 
interval (Table I, “range’’) are accordingly to be considered high 
rather than low. 

(2) Normally Laying (Non-pretreated) Hens. The interval 
between injection of the ovulatory preparation and ovulation was 
estimated for each of 69t hens. The percentages of hens ovulating 
during one-half hour periods from 6.5 to 10.0 hours following the 
ovulatory injection, are shown in Fig. 1. Ninety percent of all 
ovulations occurred between 6.5 and 8.5 hours following the ovula- 
tory injection, the largest percentage, 31.9, falling between 7.0 and 
7.5 hours, and almost equal percentages, 21.7 and 23.3, occurring 
in the 6.5-7.0 and 7.5-8.0 hour periods respectively. 

Seven yolks were found in body cavities of hens autopsied between 
8.1 and 9.6 hours following ovulatory injection, and it is perhaps a 
question whether the oviduct failed to pick up these or whether the 
hens were killed very soon after ovulation had occurred. The latter 


+ The same hens were used in the induction of ovulation prematurely (citation 
1, above); of the 70 prematurely ovulating hens one was omitted in the present 
connection because of inadequate autopsy record. 
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Distribution of induced nel ae wes hens, in time from injection 
of ovulatory preparation. Abscissas, time in hours from injection (0 hour) ; 
ordinates, percentage of ovulations occurring within indicated 0.5-hour intervals. 
possibility seems more probable, in some instances, at least, since 
yolks were found in infundibula of 2 hens, one killed during the 
8.0-8.5 and the other during the 9.0-9.5 hour periods following 
injection. Furthermore, the mean estimated ovulatory interval 
decreases as yolks are found in increasingly caudal oviducal regions. 
The average interval for yolks found in the infundibulum is 8.8 
hours, in the magnum, 7.6 hours, and in or very close to the isthmus, 
6.9 hours. Such a relation is of course expected, since in general 
these yolks first to be ovulated would also be the first to enter the 
oviduct. 

In order to check directly the minimal ovulatory interval 12 hens 
were divided into 3 groups of 4 each and sacrificed at precisely 6, 
6.5, and 7.0 hours following injection of 1200 units Anteron per hen. 
No ovulations occurred in the hens killed at 6 hours, one occurred 
while the ovary of a hen in the 6.5 hour group was geing removed, 
and 2 of the 4 hens killed at 7 hours had ovulated. This result is in 
good agreement with the relations shown in Fig. 1. 

Comment. The time from injection of the ovulatory preparation 
to ovulation was, on the average, significantly shorter and the in- 
terval showed considerably less variation in pretreated hens than in 
non-pretreated hens. It should be emphasized, however, that in the 
pretreated hens—all of the same breed and age—a uniform, rela- 
tively high dosage of a potent ovulatory preparation was adminis- 
tered, whereas the non-pretreated hens were of differing breeds and 
ages into which injections of four different preparations were made 
at varying dosage levels to induce ovulation of follicles in varying 
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degrees of maturity. Furthermore, it may be assumed that most 
of the ovulating follicles of the pretreated ovary are, in consequence 
of pretreatment, wholly mature at the time of injection of the 
ovulatory preparation and therefore respond more uniformly to the 
ovulatory stimulus. 

The minimal interval between injection and ovulation in either 
pretreated or non-pretreated hens appears to be appreciably less than 
are the intervals for even the most reactive of mammalian ovaries. 
However, the differences are not of large order, and the approximate 
similarity of interval rather than differences should perhaps be 
remarked upon. In any event, the response of the avian follicle 
within 6 to 9 hours is the more striking in view of the relatively 
enormous size of the ovarian follicle, the structural and physiological 
peculiarities associated with the deposition of deutoplasm, and the 
marked differences in ovulatory sequences of mammals in com- 
parison with birds generally and with the domestic hen specifically. 

Summary. The time at which ovulation occurs following tntra- 
venous injection of appropriate hormone preparations into pretreated 
and normally laying (non-pretreated) hens has been determined. 
The interval in pretreated hens averaging more than 2 ovulations , 
per hen at time of autopsy was 6.8 hours, range 6.1-7.2 hours. 
Ninety percent of all normally laying hens (69) ovulated from 6.5 
to 8.5 hours following ovulatory injection, the remaining 10% of 
injected hens requiring up to 9.6 hours for ovulation. The non- 
pretreated hens were injected with 4 different hormone preparations 
administered at differing dosage levels and at times calculated to 
effect ovulation of follicles at varying degrees of prematurity. The 
minimal ovulatory interval recorded for pretreated hens was 6.1 
hours, for non-pretreated hens, 6.5 hours. 


13783 
Effect of Air Currents on Plasma Prothrombin.* 
ARMAND J. QUICK. 


From the Department of Pharmacology, Marquette University School of Medicine, 
Milwaukee. 


Tocantins’ recently reported that plasma exposed to air currents 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 
1 Tocantins, L. M., Proc. Soc. Exp. Bron. AND MeEp., 1942, 49, 251. 
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showed a rapid diminution of prothrombin activity and that addition 
of CO, restored this loss. In view of the importance that these 
results have in the quantitative determination of prothrombin, and in 
the possible solution of the problem of preventing the spontaneous 
loss of this clotting factor in stored blood, it seemed important that 
these experiments be repeated. 

Four cc of oxalated plasma were put in a pyrex test tube (25x100 
mm) fitted with a 2-hole rubber stopper through which were in- 
serted 2 glass tubes. One of the tubes nearly reached the surface 
of the plasma. The test tube was tilted to expose a maximum 
area of plasma surface, and a stream oi air (first passed through a 
dilute solution of sodium hydroxide to remove CO.) was blown over 
the plasma, kept at 38°C. The “prothrombin time’ was determined 
by the author’s method’ and the CO. content by Van Slyke’s original 
volumetric method. The loss of volume by evaporation was restored 
by adding distilled water. 

The results indicate that the prothrombin of dog and rabbit plasma 
is not demonstrably altered by one hour aeration even though con- 
siderable CO. is lost. Human plasma aerated at room temperature 
likewise does not lose any significant amount of prothrombin activity 
in one hour. At 38°C, however, a definite loss of prothrombin 
occurs, which the addition of CO. does not restore. It appears, 
therefore, that the decrease of prothrombin is due to direct oxidative 
.destruction or to the formation of an oxidation product in plasma 
which inactivates prothrombin, rather than to the loss of CO. from 
the plasma. 


TABLE I. 
Effect of Aerating Oxalated Plasma on Prothrombin Activity. 


Before aeration After one hour aeration 


<x > <3 Pa ig STS en 
**Prothrom- COs content ‘‘ Prothrom- CO, content Loss of 


Type of Temp. bin time’’ vol., bin time,’’ vol., -\ -¥oL, 

plasma °C sec. % sec. % ce 

Rabbit 38 6 6 2 

Dog 38 6 58 oe 38 15 
Human I 25 12 12* 0.7 
It 38 12 13% 14 

Tit 24 11% 57 11% 33 1.3 

Iv 38 12 63 i4 35 1.6 

14% 53t 


*An additional hour of aeration did not affect the prothrombin time. 
+After saturating with CO, of alveolar air. 


2 Quick, A. J., Am. J. Clin. Path., 1940, 10, 222. 
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Excretion Rate of Hippuric Acid in Man. 


Georce P. SCHWEI AND ARMAND J. QUICK. 


From the Department of Pharmacology, Marquette University School of Medicine, 
Milwaukee, and the Milwaukee County Hospital. 


The synthesis of hippuric acid as a test of liver function is valid 
only if the rate of excretion of this acid is greater than the speed 
of formation. It is desirable, therefore, to know how rapidly hippuric 
acid is excreted. Hirsheimer* found that when 2.26 g of sodium 
hippurate (equivalent to 2 g of hippuric acid) were injected intra- 
venously, approximately 60% was excreted by normal pregnant 
women in 30 minutes. In patients suffering from various types of 
toxemias of pregnancy, the excretion was frequently diminished. 
Smith and Schwei’ reported that when 1 g of hippuric acid was 
injected intravenously into a rabbit weighing 3 kg, 67% was ex- 
creted in 30 minutes; after injecting 2 g of the acid, 43.5% was 
eliminated, and after 3 g only 34.6% in the half-hour period. 

In the present study, the procedure of Hirsheimer was followed 
except that the output of hippuric acid was determined for the 15 


TABLE I. 


First 15-min period Second 15-min period 
aa... ih. Pf Le (la Se Y 


Hippuric Hippuric Hippuric 
acid Urine acid Urine acid output 
Weight, output, vol., output, vol., 30 min., 
Subject 1p. ik: g ce g ee g Remarks 
SS ——______—_—— 
1 166 91 49 48 24 1.39 Normal 
97 150 37 18 1.34 
93 47 AT 23 1.40 
2 170 94 134 33 18 1.27 z2 
3 175 87 58 34 LG 1.21 a 
4 130 74 30 50 16 1.24 22 
5 142 96 146 AT 212 1.43 He 
6 135 25 29 25 26 0.50 Left hydronephrosis 
uf 112 27 31 26 18 0.53 Hydronephrosis 
8 165 14 18 40 30 0.54 Pyelonephritis 
9 175 .28 86 53 88 0.81 Chronic prostatitis 
10 145 39 124 50 120 0.89 Prostatic hypertrophy 
his! ea 


The hippuric acid was determined by the senior author’s method.3 
The urine of subjects 6 to 10 was obtained by catheterization. 


1 Hirsheimer, A., Am. J. Obs. and Gynec., 1939, 37, 363. 
2 Smith, F., and Schwei, G. P., Marquette Med. Rev., 1940, 4, 66. 
3 Quick, A. J., Am. J. Clin. Path., 1940, 10, 222. 
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and 30 minute periods following the injection of 2.26 g of sodium 
hippurate.* Typical results are recorded in Table I. 

It will be noted that the excretion of hippuric acid in normal men 
is very rapid. The average output of 15 subjects was 0.88 g in 15 
minutes which is 44% of the amount injected. On this basis, an 
adult can excrete at least 3.5 g of hippuric acid in an hour. Since 
the average hour output of hippuric acid in a similar group of sub- 
jects injected with 1.77 g sodium benzoate was found to be 1.25 g 
of hippuric acid, one can conclude that the excretory capacity of the 
kidneys is over 2.5 times as great as the speed of synthesis. 

In patients with various types of kidney pathology the excretion 
of hippuric acid is often definitely diminished. Curiously, the output 
is frequently considerably higher for the second 15-minute period 
than for the first, which is difficult to explain by any of the current 
theories of kidney function. Since the excretion of hippuric acid 
is diminished in certain renal disorders, it is to be recommended that 
when liver function is determined by the hippuric acid test in patients 
with suspected concomitant kidney dysfunction, the excretion rate of 
hippuric acid should also be estimated. 

Summary. The excretion of hippuric acid in normal adults fol- 
lowing intravenous injection is exceedingly high: about 44% is 
eliminated in 15 minutes when 2.26 g of sodium hippurate are ad- 
ministered. In various renal disorders the speed of excretion is 
diminished. 
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Restoration of Blood Pressure by Renin Activator After 


Hemorrhage.+ 


Leo A. SAPIRSTEIN, FRANK D. SOUTHARD, JR.,.AND ErIc OGDEN. 


From the Division of Physiology, University of California, Berkeley. 


That a renin-like substance may be found in the blood stream 
after hemorrhage was first indicated by Sapirstein, Ogden and South- 
ard,* who pointed out that a homeostatic mechanism for the regula- 
tion of blood pressure might be involved. Independently, similar 


* Ampules of sodium hippurate were kindly furnished by George A. Breon, Inc., 
Kansas City, Mo. 


+ Aided by a grant from the Board of Research of the University of California. 


1 Sapirstein, L. A., Ogden, E., and Southard, F. D., Jr., Proc. Soc. Exp. Bron. 
AND Mep., 1941, 48, 505. 
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conclusions were drawn by Hamilton and Collins,” and more recently 
by Braun-Menendez,* in both cases from experiments which clearly 
demonstrated the renal origin of the substance in question and 
showed, moreover, that it appeared also in shock and other hypo- 
tensive states. 

The fact that the renin-like substance is actually renin is indicated 
first, by its renal origin, and secondly, by the fact that the assay 
methods of the different groups of workers cited are based on dif- 
ferent pharmacological properties characteristic of renin, Braun- 
Menendez making use of its pressor properties (with added renin 
activator) and Sapirstein, Ogden and Southard using the effect on 
the guinea pig ileum with and without added activator. 

It appears then that renin is secreted in hemorrhage and perhaps 
in any acute hypotensive condition. 

The fact that the injection of renin into a normal animal will 
produce tachyphylaxis or exhaustion of activator raised the question 
whether in prolonged hypotension an animal might, as a result of 
continued secretion of renin, eventually become tachyphylactic to its 
own renin; 7. ¢., the substrate (renin activator ) on which the enzyme 
(renin) acted to produce the actual vasoconstrictor (angiotonin ) 
might become exhausted. An experimental basis for this hypothe- 
sis is the observation (Ogden, Hildebrand and Page*) that in acute 
renal ischemia the animal becomes progressively less sensitive to 
renin. This may be explained by the consumption of renin acti- 
vator by the animal’s own renin. 

If the organism, by the continued release of renin, exhausts its 
supply of renin activator in hypotensive states (hemorrhage or shock ) 
then the addition of renin activator to the blood stream of such an 
animal should exert a pressor effect similar in character to that pro- 
duced in the normal animal by the injection of renin. The experi- 
ments here reported indicate that this is indeed the case. 

Preparation of Renin Activator. The substance hereafter re- 
ferred to in this discussion as renin activator is the serum globulin 
fraction of ox blood precipitated by bringing to .4 saturation with 
ammonium sulfate. This is stated to contain renin activator by 
Page’ and also by Braun-Menendez.°® 


“2 Hamilton, Angie S., and Collins, Dean A., Am. J. Med. Sci., 1941, 202, 914. 

3 Braun-Menendez, E., personal communication to author. 

4 Ogden, E., Page, H. W., and Hildebrand, G. J., Proc. Federation Am. Soc. for 
Exp. Biol., 1942, 1, 63. 

5 Page, I. H., McSwain, B., Knapp, G. M., and Andrus, W. D., Am. J. Physiol., 
1941, 135, 214. 

6 Braun-Menendez, E., Fasciolo,-J. C., Leloir, L. F., and Munoz, J. M., 
J. Physiol., 1940, 98, 283. 
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Fresh beef blood was allowed to clot and the serum removed. The 
serum was brought to .4 saturation with saturated ammonium sulfate 
and then supercentrifuged. The precipitate was dissolved in a small 
amount of distilled water, dialyzed against tap water for 12 hours, 
made up to 1/10 the original volume of serum used and brought into 
solution by the addition of 1 g of sodium chloride per 100 cc. The 
protein concentration of the preparations used ranged from 8-11%. 
The non-protein nitrogen was negligible. 

Experimental. Ten dogs were used in these experiments, 7 
under nembutal, 2 under ether and one under chloretone. A mercury 
float manometer recorded the carotid blood pressure. 

When the normal blood pressure had been recorded, the dog was 
bled through the femoral artery, 14-21 cc of blood being removed per 
kilo body weight. The bleeding was stopped and the recording 
continued until the blood pressure began to show a definite rise. 
Another 14 cc per kilo was then removed, the process being repeated 
until the pressure either failed to show recovery or began to fall 
after a bleeding. 

An injection of 10-25 ml of 10% gelatin was then made to control 
any osmotic or volume effects which might occur incidentally with 
the subsequent injection of the renin-activator preparation. 

The injections of gelatin occasionally produced a slight rise in blood 
pressure, but this never exceeded 10 mm Hg and was of very brief 
duration. 

After the effect of the gelatin had disappeared, an equal volume 
of the renin activator preparation described above was injected, a 
new preparation being used for each dog. 

The injection of this preparation, in sharp contrast to the control 
gelatin solution, produced a very marked rise in blood pressure 
ranging from 15-80 mm of Hg, which persisted for 20-120 minutes 
and was succeeded by a gradual fall in pressure (Fig. 1). Further 
injection of the renin activator preparation during the period of 
restored blood pressure produced no pressor effect, but after the 
pressure had fallen to lower levels, whether spontaneously or as the 
result of further bleeding, renewed injection again restored the blood 
pressure toward its normal level. 

Since renin activator disappears from the blood with time ( Page’) 
one renin activator preparation was allowed to stand two weeks be- 
fore its effect was determined, and another was prepared from serum 
a week old. Neither of these preparations had any pressor effect ; no 
recovery of blood pressure occurred, and the animals died soon after 


7 Kohlstaedt, K. G., Page, I. H., and Helmer, O. M., Am. Heart J., 1940, 19, 42. 
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Fre. 1. 
The figure shows records of 3 experiments in which successive hemorrhages (H) 
were followed. by injections of gelatin (G), and activator extract (A). For 
quantities and detailed procedure, see text. 


injection. The failure of these two preparations to restore the blood 
pressure affords another control on the injection of fresh fractions 
and adds further evidence that our positive findings are, in fact, due 
to renin activator. 

It may be seen in the figure that there was a slight initial drop in 
blood pressure after the injection of renin activator before the pressor 
effect appeared. This phenomenon occurred also with the two control 
preparations just mentioned, and is probably ascribable to foreign- 
protein effects from ox globulin other than renin activator contained 
in the preparation. 

The pressor effect of the renin activator preparation used in these 
experiments may be attributed to the fact that the exhausted ingre- 
dient of the homeostatic renin-renin activator system had been re- 
plenished. In support of this conclusion may be cited the fact that 
the preparations used had no pressor effect on normal dogs, or dogs 
whose blood pressure had already been elevated by previous injec- 
tions of renin activator. In these cases the reno-pressor. system was 
already functioning adequately. 

Conclusions. Injection of a renin-activator preparation of ox-plas- 
ma restored the blood pressure of dogs after hemorrhage. This restor- 
ation was observed with quantities of the preparation containing 
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only one-tenth or less of the total plasma protein removed. 

Corresponding quantities of 10% gelatin or of control plasma 
concentrations failed to restore the blood pressure. 

From these observations it is concluded that the secretion of renin 
in severe hemorrhage (and perhaps in other forms of shock) is 
sufficient to produce exhaustion of renin activator. The resulting 
failure of the reno-pressor system is followed by a fatal collapse of 
blood pressure. This collapse may be staved off and the blood 
pressure restored by replacing the exhausted activator by a suitable 
preparation of ox plasma. 

These investigations suggest the possibility of improving the 
transfusion therapy of hemorrhage and shock by fortifying the 
plasma with suitable preparations of renin-activator, or possibly by 
substituting relatively small quantities of activator preparations for 
plasma in emergency treatment. Work in this direction is in progress. 
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Failure of Heparin to Inhibit Coagulation of Citrated Blood and 
Plasma in Presence of Staphylococci.* 


R. H. Riepon. 


From the Department of Pathology, University of Tennessee, Memphis, Tenn. 


Experimental and clinical observations have shown that heparin 
inhibits the clotting of blood and the formation of thrombi. Re- 
cently we have studied the effect of heparin on the coagulation of 
citrated blood and plasma by staphylococci.1 Some strains of 
staphylococci will coagulate human plasma.” * One, 0.5 and 0.1 cc 
of heparint (Liquamine 1.0 cc = 10 mg) was added to a series of 
tubes containing 3.0 ce of both rabbit and human plasma and sterile 
saline (3 parts of plasma and one of saline). One-tenth of a cubic 
centimeter of a broth culture of staphylococci was added to each of 
these tubes. The medium in each of the tubes was completely coagu- 


* Aided by grants from the John and Mary R. Markle Foundation and the 
University of Tennessee. 

+ The heparin was supplied by the Roche-Organon, Inc., of Nutley, New Jersey. 

1 Rigdon, R. H., and Haynes, Anne, to be published. 

2 Loeb, L., J. Med. Res., 1903, 10, 407. 

3 Chapman, George H., Conrad, Burns, and Merrit, H. Stiles, J. Bact., 1941, 
41, 431. 
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lated during 24 hours of incubation at 37.5°C. Seven strains of 
staphylococci (4 aureus, 2 albus and 1 citrus) were then used to 
study the effect of heparin on the coagulation of plasma. Each of 
the series of 3 tubes containing the different dilutions of heparin 
was coagulated by 4 of these 7 strains of staphylococci. Physiological 
saline in quantities equal to that of heparin was added to a series of 
tubes of the citrated plasma for the controls. They were inoculated 
simultaneously with the different strains of staphylococci. Each of 
the strains of staphylococci that coagulated the heparinized citrated 
plasma also coagulated the control medium. This citrated plasma 
medium, containing both heparin and saline, did not coagulate during 
the time of incubation when staphylococci were not added. When 
citrated blood was substituted for the plasma, coagulation occurred 
in a similar manner with the four of the seven strains of staphylo- 
cocci. 

It is evident, therefore, from these observations that heparin, even 
ina 25.0% concentration, does not inhibit the coagulation of citrated 
human and rabbit plasma and also blood by the strains of staphylo- 
cocci containing the so-called coagulase factor. 
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Bovine Albumin as an Antigen.* 


Henry LONGSTREET TAYLOR AND ANCEL KeEys. 


From the Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn. 


.The possible use of bovine albumin in man’ * * makes the be- 
havior of bovine albumin as an antigen of some interest. Previous 


reports” * * indicate that bovine albumin behaves as a potent antigen 


* This work was supported by a grant from Frederick Stearns and Company, 
Detroit. Valuable assistance was provided by the Work Projects Administration, 
University of Minnesota Project No. 8760, Sub-project No. 380. 

1 Janeway, C. A., and Beeson, P. B., J. Clin. Invest., 1941, 20, 435. 

2 Davis, H. H., Eaton, A. G., and Williamson, J., Proc. Soc. Exp. Bron. AND 
Mep., 1942, 49, 96. 

3 Taylor, H. L., Keys, A., and Savage, G., Proc. Soc. Exp. Bron. anp Mep., 
1942, in press. 

4Leblane, A., La Cellule, 1901, 18, 335. 

5 Hunter, A., J. Physiol., 1905, 32, 327. 

6 Hektoen, L., and Welker, W. H., J. Inf. Dis., 1924, 35, 295. 
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TABLE I. 
Anaphylactic Response of Sensitized Guinea Pigs to Single Intracardial Injections 
of Bovine Albumin and Globulin. 


Albumin Globulin 
Days after inj. (AVES VS et 7 14 18 21 
No. of animals tested Sade coe eset Shae eee 
No. of animals showing symptoms OF OM Si ae, Ou Dy <edilpree 
No. of animals dying from anaphylaxis OBO! ates a: Qe Die enka 


in rabbits and guinea pigs. This paper is to report some studies on 
the antigenic behavior of bovine albumin in rabbits, guinea pigs, 
and in man. 

Bovine albumin was prepared as described elsewhere’ by fraction- 
ation of plasma with ammonium sulfate. Electrophoretic analysis 
was carried out by the methods of Tiselius’ and Longsworth.® 

Three rabbits were given a course of 6 injections of bovine al- 
bumin over a period of 4 weeks. Serum from blood drawn at the 
end of this period gave a titer as high as 24,000. Sixteen guinea pigs 
were given a sensitizing dose of 50 mg of albumin per kg and were 
tested with a shock dose of the same size administered intracardially. 
Eleven guinea pigs were similarly treated with globulin. All animals 
which died after the shock dose were posted. The results are given 
in Table I. 

The bovine albumin had a longer sensitization period than globu- 
lin. A similar difference has been reported between horse albumin 
and globulin.’ 

The following case history is definite evidence that bovine albumin 
may act as an antigen in man. Patient N. R. was given 10 cc of 6% 
albumin intravenously on November 11, 1939. The skin test to 
albumin, which had been previously negative, was positive on 
December 18, 1939, at which time 3 cc of 8.8% albumin solution 
were administered intravenously over a 5-minute period. At the 
end of this time the pulse was weak, the respiration was shallow, 
and cynanosis developed. The injection was stopped. Respiration 
ceased momentarily but the patient responded to intravenous adrena- 
line and artificial respiration. After 5 minutes he recovered com- 
pletely and had no complaints, 

A positive skin test does not necessarily indicate that the patient 
will have anaphylactic symptoms. Four patients with mildly posi- 
tive skin reactions were given 10 cc of albumin without effect. One 


7 Tiselius, A., Faraday Soc., 1937, 38, 524. 
8 Longsworth, L. G., J. dm. Chem. Soc., 1939, 61, 529. 
9 Doerr, R., and Berger, W., Z. Hyg., 1922, 96, 191. 
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Fig. 1. 
Electrophoretic patterns (descending boundary) of bovine albumin in phosphate 
buffer ionic strength — 0.05 pH = 7.4; left, prepared with ammonium sulfate; 


right, prepared with methyl alcohol. 


patient with a 2+ skin reaction was given | cc intravenously followed 
by the immediate development of urticaria. 

Discussion. Representative electrophoretic patterns of the albu- 
min used in this work appear in Fig. 1. A pattern of albumin 
prepared with methyl alcohol recommended by us* for intravenous use 
is also included. The antigenic properties of this material have not 
been studied in detail but it can be expected to give similar results 
since it has approximately the same electrophoretic pattern and it has 
been shown’® that the immunological properties of alcohol precipi- 
tated serum protein fractions do not differ from (NH,).SO, 
treated fractions. Both preparations show 5-7% of a component 
moving slower than the albumin. Reasons for believing that this 
slow-moving component does not consist entirely of albumins will be 
given elsewhere. Some of the anaphylactic properties of these 
preparations may be due to residual globulin. The work of Svens- 
son, Cohn, et al.,’* and our own experience indicates that it is not 
possible to prepare albumin free of the slower moving component 
by the simple fractionation procedures which are easily adapted to 


10 Chu, C. T., and Chan, C. G., Proc. Soc. Exp. Biot. AND MED., 1935, 33, 323. 

11 Svensson, H., J. Biol. Chem., 1941, 139, 805. 

12 Cohn, E. J., MeMeekin, T. L., Oncley, J. L., Newell, J. M., and Hughes, W. L., 
J. Am. Chem. Soc., 1940, 62, 3386. 
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large-scale production. It is obvious that these procedures are in- 
adequate to prepare non-antigenic albumin. Complete elimination 
of the slower-moving component may produce a preparation which 
does not have such striking antigenic properties. 
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Intravenous Administration of Bovine Plasma Albumin.* 


Henry LONGSTREET TAYLOR, ANCEL Krys AND GEORGE SAVAGE. 


From the Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn. 


Kremen, Taylor, and Hall* found that the globulin fraction of 
bovine plasma produced far more skin reactions than the albumin 
fraction. Whole bovine plasma produces an alarming number of 
untoward reactions when administered intravenously to man.” Satis- 
factory preliminary results with the intravenous administration of 
the albumin fraction of bovine plasma prepared by ammonium sul- 
phate fractionation have been reported recently.* The present article 
is a report on the methods of preparation and results of the intra- 
venous administration of plasma albumin. 

Bovine albumin was prepared by fractionation from sterile plasma 
with (a) ammonium sulfate and (b) methyl alcohol. 

Solid ammonium sulfate was dialyzed into sterile plasma through 
a cellophane membrane at +4°C; 350 g ammonium sulfate were 
used for each liter of plasma. The albumin was precipitated from 
the filtrate of the plasma by saturation with ammonium sulfate. 
The final precipitate was dissolved in distilled water and was 
dialyzed in collodion bags against a phosphate buffer at pH 7.4, 
ionic strength =0.155. The albumin solution was Seitz-filtered, 
tested for sterility and stored in sealed vials at 4°C until used. 
Contamination was kept at a minimum by clean technic and main- 


* This. work was supported by a grant from Frederick Stearns and Company, 
Detroit. Valuable assistance was provided by the Work Projects Administration, 
University of Minnesota Project No. 8760, Sub-project No. 380. 

1Kremen, A. J., Taylor, H. L., and Hall, H., Proc. Soc. Exp. Bion. snp Mep., 
1940, 42, 532. 

2 Wangensteen, O. H., Hall, H., Kremen, A. J., and Stevens, B., Proc. Soc. 
Exe. Biot. AND Mep., 1940, 43, 616. 

3 Davis, H. H., Eaton, A. G., and Williamson, J., Proc. Soc. Exp. Bion. AND 
Mep., 1942, 49, 96. 
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tenance of temperature at 4°C, but complete sterility during prepa- 
ration was not achieved except in the final solution. 

Pyrogenic response occurred rather frequently when these am- 
monium sulfate preparations were administered. For comparison, 
fractionations were made with methyl alcohol and a rigorously con- 
trolled aseptic technic. The bacteriological details will be presented 
elsewhere.* All procedures were carried out in a sterile atrnosphere 
(ultraviolet lamps and air filters). At each stage of preparation 
samples were taken and cultured at 5°, 25°, and 37°C, both aero- 
bically and anaerobically. If contamination appeared at any stage, 
the lot was discarded. 

Sterile bovine plasma was precipitated in liter centrifuge bottles 
at —17°C by adjusting the methyl alcohol concentration to 40%. 
After centrifugation and aseptic transfer of the supernatant liquid, 
the albumin was precipitated by increasing the methyl alcohol con- 
centration to 70%. This precipitate was washed with 95% and 
100% methyl alcohol and 3 times with absolute ethyl ether. It was 
then dried in vacuo and stored as a dry powder until used. For ad- 
ministration the powder was dissolved in sterile pyrogen-free normal 
saline solution and the solution finally filtered through a Berkefeld 
N filter. : 

Large quantities of albumin prepared with ammonium sulfate 
have been given to dogs, rabbits, and guinea pigs. Two dogs were 
given one gram of albumin per kilo intravenously without any 
noticeable effects. Three dogs under pentobarbital sodium anes- 
thesia, with the carotid artery cannulated for blood pressure meas- 
urements, were given 0.5 g of albumin per kilo in solutions whose 
concentrations ranged from 3 to 12% of albumin. No significant 
change of blood pressure was noted. The blood pressure of one 
dog was reduced to the shock level of 55 mm Hg by hemorrhage. 
The blood pressure was restored to its original level by intravenous 
administration of 100 ce of 10% albumin solution. 

The results in man of the intravenous administration of albumin 
prepared with ammonium sulfate are summarized in Table 1-A. 
Eight preparations were tested. Four preparations tested with 18 
individuals gave no reactions; 4 other preparations tested with 8 
individuals gave reactions in 7 cases. 

The results of the administration of the methyl alcohol albumin 
are given in Table I-B. . Five preparations tested in 14 patients gave 
only 3 reactions; of these, 2 reactions can be attributed to chill- 
producing substances carried over from bovine plasma. 


4 Savage, G. M., Taylor, H. L., and Keys, A., in press. 
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No significant changes in blood pressure were found during or 
following the administration of bovine albumin in patients with 
relatively normal blood pressures at the start. Albumin has been 
administered in concentrations as high as 15% without influencing 
blood pressure or pulse rate. 

The types of reactions are given in Table II. Severe reactions 
resulted from the intravenous administration of small amounts of 
albumin prepared by ammonium sulfate precipitation without proper 
bacteriological control. 

Discussion. The reactions obtained with the intravenous adminis- 
tration of preparations 22, 29, 34, and 41 are attributed in large 
measure to contamination during preparation and failure to elim- 
inate the resulting pyrogens. The most common contaminants during 
the winter were found to be cryophyllic organisms present on the 
cattle. These organisms were apparently brought into the laboratory 
on the bleeding equipment and were found in the ammonium sulfate 
preparation at a later stage. We have not found it possible con- 
sistently to maintain sterile solutions throughout the fractionation of 
beef plasma with ammonium sulfate. 

The advantage of the use of methyl alcohol or other bacteriostatic 
organic solvents in the preparation of bovine albumin for intra- 
venous use is obvious. Complete control of sterility during the 
preparation is essential. The ordinary procedures of fractionation 
do not eliminate pyrogens once they are formed. 

The work of Kremen, et al.,° suggests that chill-producing sub- 
stances other than those of bacterial origin may be present in bovine 
blood. The appearance of two reactions of the chill type in the 
alcohol preparations which were not contaminated at any time sug- 
gests that a single fractionation with methyl alcohol may not com- 
pletely eliminate the chill-producing substances. 

Conclusions. 1. Methyl alcohol is preferable to ammonium sulfate 
for the preparation of bovine albumin for intravenous use. 2. Bo- 
vine albumin can be prepared which gives a low incidence of reac- 
tions when administered intravenously to man. 


5 Kremen, A. J., Hall, H., Koschnitzhe, H. K., Stevens, B., and Wangensteen, O., 
Surgery, 1942, 11, 333. 


332 
13789 


Effect of Surface Active Agents on Oxidations of Lactate by 
Bacteria. 


E. J. OrpAL AND A. F. Bore. (Introduced by W. P. Larson. ) 


From the Laboratories of Bacteriology and Oceanography, University of 
Washington, Seattle. 


Baker, Harrison and Miller’ have studied the effect of synthetic 
surface active agents on the metabolism of bacteria as measured in 
the Warburg manometric apparatus. Cationic surface active agents 
were found to inhibit equally the metabolism of both Gram positive 
and Gram negative bacteria. Anionic agents, in general, inhibit 
the metabolism of Gram positive bacteria only. In a subsequent 
paper* studies on bactericidal effects were reported. Dubos* dis- 
cussed the differential susceptibility of Gram positive and Gram 
negative bacteria to different injurious agents, and suggested the use 
of anionic and cationic surface active agents as tools for the study 
of bacterial structure. 

In this paper we report the effects of an anionic surface active 
agent, the dioctyl ester of sodium sulfosuccinate, and of a cationic 
agent, cetyl pyridinium chloride, on a Gram positive organism and a 
Gram negative organism. As an index of the action of these agents 
we used the oxidation of lactate by molecular oxygen as compared 
with anaerobic oxidation by methylene blue. 

Methods. Two organisms were used, the Insecticide Board strain 
of Staphylococcus aureus, a Gram positive organism, and Escherichia 
coli, University of Washington No. 406, a Gram negative organism. 
These two cultures were selected because they possessed relatively 
active lactic dehydrogenases as determined by the Thunberg technic. 

Staphylococcus aureus was grown on the broth prescribed. for 
the Food and Drug Administration procedure for the phenol coeffi- 
cient.* After 24 hours’ incubation, the organisms were collected by 
means of a continuous flow Sharples centrifuge and washed 3 times 
with M/100 phosphate buffer at pH 7.0. Escherichia coli was grown 
on Blake bottles containing F. D. A. broth to which 2% agar had 


been added. The organisms were collected and then washed as’ 


described above for Staphylococcus aureus. 


1 Baker, Z., Harrison, R. W., and Miller, B: F., J. Exp. Med., 1941, 73, 249. 

2 Baker, Z., Harrison, R. W., and Miller, B. F., J. Exp. Med., 1941, 74, 611. 

3 Marshall, E. K., Jr., Lockwood, J. 8., and Dubos, R. J., Chemotherapy, Phila- 
delphia, University of Pennsylvania Press, 1941. 

4 Cireular No. 198, 1931, U. S. D. A. 


SurFACE AcTIvVE AGENTS ON OXIDATIONS OF LAcTATE 333 


TABLE I. 
Effect of Surface Active Agents on Lactic Dehydrogenases in Staphylococcus aureus and 
Escherichia coli. 


Staphylococcus aureus Escherichia coli 
Cone. of OT, moles per 1 0 16x 32x 64x 0 53x 21x 25x 5.1x 
10-4 10-4 10-+ 104 10-3 102 10 
Reduction time of methylene blue in min. 3 6 33 60 4 5 11 33 60 
Cone. of CPR in moles per | OQ 43x-*8.6x Tix Gustze 14x Sox 11 Ix 
10-6 10-4 10-5 10-5 10-* 10 10+ 
Reduction time of methylene blue in min. 3 3 £4 60 4 5 13 38 60 


OT—dioetyl ester of sodium sulfosuccinate. 
CPR—cetyl pyridinium chloride. 

The activity of lactic dehydrogenases in the cell suspensions was 
determined by the modified Thunberg method of Ordal and Halvor- 
son® with methylene blue as indicator. Each Thunberg tube con- 
tained 5 ml M/15 phosphate buffer at pH 7.56, 0.25 ml 0.2 M sodium 
lactate, 1 ml 1-5000 methylene blue, 0.25 ml cell suspension and 2 ml 
H.O or surface active agent. Tests for dehydrogenase activity 
were terminated at 60 minutes, and in general, controls without 
substrate showed no signs of decolorization at this time. All ex- 
periments were performed at 37°C. 

The effect of the presence-of varying concentrations of the 
dioctyl ester of sodium sulfosuccinate and of cetyl pyridinium 
chloride on the activity of the lactic dehydrogenases of Staphylo- 
coccus aureus and of Escherichia coli is shown in Table I. 

The oxidation of lactate by oxygen was determined in conventional 
Warburg manometers. The final concentrations of phosphate, 
lactate and cell suspensions were identical with those used in the 

TABLE IT. 


Oxygen Uptake from Lactate Solutions by Suspensions of Staphylococcus aureus in 
the Presence of Surface Active Agents. 


Surface Oxygen uptake yl at 
active ——, 
agent Cone. in moles/1 15 min 30 min 60 min 120 min 
None 8 i7 34 60 
OT 8.0 x 10-5 7 17 33 57 
aS 1.6 x 10-4 6 11 24 43 
ries 3.2 x 10-4 2 5 10 22 
27 6.4 x 104 —l 3 6 10 
CPR 2.2 x 10-6 7 14 27 42 
“ia 4.3 x 10-6 6 12 17 21 
2 8.6 x 10-6 ‘L 3 5 7 


OT—dioetyl ester of sodium sulfosuccinate. 
CPR—cetyl pyridinium chloride. 


5 Ordal, KE. J., and Halvorson, H. O., J. Bact., 1939, 38, 199. 
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TABLE U1, 
Oxygen Uptake trom Lactate Solations by Suspensions of Hsehertehia colt In the 
Presence af Surface Active Agents, 


Surface Oxygen uptake in al at 
active a 
agent Cone, in moles/t min 80min 45 min 60min 75 min 
None rer ae See ee 
Or 25 x 10-2 as NYS o4 1s 142 
* Ji x10 a 6d 90 i 130 
OPR lx 1S 2s 36 S4 103 123 
de 22 E IQS 12 26 a6 40 42 
» 4.8 x 10-3 2 7 9 nN ll : 


OT—Moetyt ester of sodium sulfosuceinate, a canarl 
CPR—cetyl pyridinium chloride, 
Thunberg tubes, The results of tests with varying concentra- 
tions of the surface active agents are shown in Tables IT and IIT, 
Results, It is apparent from the data shown in Table I that the 
lactic dehydrogenase of Nraphwececeus aureus is far more susceptible 
to the action of both surface active agents than that of Escherichia 
colt, However, the inhibitory effect of the surface active agents 
disappears quickly with dilution with Staphylococcus aureus while 
with Exeherichia colt there is a considerable range of concentrations 
in which there is a relatively slow change in inhibition, In particular, 
the lactic dehydrogenase of S\ avreus is inhibited by 1.7 x 10° M 
cetyl pyridinium chloride, On dilution to one-fourth this concen- 
tration, the inhibitory effect disappears, On the other hand, a 
concentration of 11x 10° M cetyl pyridinium chloride is required . 
to inhibit the lactic dehydrogenase of &. coli, and a dilution in excess 
of 33 times is necessary before all traces of inhibition disappear, 
Examination of the data in Tables I and III, shows that both 
surface active agents inhibit the oxidation of lactate by S. aureus, 
but that only the cationic agent inhibits the oxidation of lactate by 
E. celi, 
For convenience in comparing the susceptibility of the two organ- | 
isms, we have designated as “eritical’’ concentrations those concen- 
trations of surface active agents inhibiting the reduction by methylene | 
blue for 60 minutes in the tests for dehydrogenases, and the con- : 
centrations giving nearly complete inhibition after 60 minutes in the , 
tests for oxygen uptake, ‘These data are collected in Table IV, J 
Tn the case of S, ares, there is little difference between the con- / 
centrations of surface active agents required to inhibit oxidation 
of lactate by oxygen, as compared to oxidation by methylene blue. 
Presumably, therefore, the cytochrome systems normally concerned . 
in the oxidation of lactate by axygen in S. aureus possess no special 
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TABLE IV. 
“*Critical’? Concentrations of Surface Active Agents Inhibiting Oxidation of 
Lactate by Oxygen and by Methylene Blue. 


Organism 
Surface active ; — 
agent Oxidation by Staph. aureus EL. coli 
Dioctyl ester of methylene blue 6.4x10-4M  5,.1x 10-2) 
sodium sulfosuccinate oxygen 6.4 x 104M —* 
Cetyl pyridinium chloride methylene blue 1.7 x 10-5M 1.1 x 10-8M 
oxygen 8.6 x 10-4M 4.5 x 10-5M 


*A concentration of 5.1x10-2M only slightly slowed down the oxidation of 
lactate by oxygen (See Table IIT). 
sensitivity to these surface active agents. Anson® has shown that 
synthetic surface active agents are extremely active in the denatura- 
tion of proteins. It seems likely that the proteins of S. aureus con- 
cerned in the oxidation of lactate by methylene blue are relatively 
accessible to the surface active agents. 

There are striking differences in the effects of the surface active 
agents on the oxidations of lactate by E. coli. Since the oxidation of 
lactate by molecular oxygen is inhibited by a lower concentration 
of cetyl pyridinium chloride than oxidation by methylene blue, it 
would appear either that the cytochrome systems peculiar to E. coli 
are more sensitive to the surface active agent than the other pro- 
teins concerned in the oxidation of lactate, or are more available to the 
action of the agent. 

The anomalous result with the dioctyl ester of sodium sulfo- 
succinate, inhibition of methylene blue reduction by a 5.1x 10°* M 
concentration, a concentration which affects only slightly the oxidation 
of lactate by oxygen, is most logically due to the reduced availability 
to the cells of the methylene blue due to the high concentration of the 
surface active agent which is present in this concentration largely 
in the form of micelles. 

- The enzymes of the two organisms which are concerned in the 
oxidation of lactate, differ profoundly in sensitivity to the anionic 
surface active agent. This is in accord with the results of Baker, 
Harrison and Miller.* ” 

Dubos’® has pointed out that Gram negative bacteria contain so- 
called lipo-polysaccharide antigens which appear to form an outer 
coating on the cells, and Baker, Harrison and Miller’ have shown 
that certain phospholipids protect bacterial cells against the action 
of both cationic and anionic surface active agents. It is possible, 


6 Anson, M. L., J. Gen. Physiol., 1939, 23, 239. 
7 Baker, Z., Harrison, R. W., and Miller, B. F., J. Exp. Med., 1941, 74, 621. 
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therefore, that a cell membrane containing substances of this char- 
acter in the Gram negative bacteria may account for the lack of 
sensitivity to the anionic agent. We are, therefore, attempting to 
prepare cell-free enzymes from S. aureus and FE. coli in order to 
determine the rdle played by the cell membranes in the results shown 
above. 
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Sulfonamide-Resistant Strains of Staphylococci: Clinical 
Significance.* 


JEAN JERMSTA VIVINO AND WESLEY W. SPINK. 


From the Division of Internal Medicine, University of Minnesota Medical School, 
and University Hospital, Minneapolis. 


Strains of pneumococci, gonococci, FE. coli and S. aureus have been 
rendered resistant in vitro to the bacteriostatic action of sulfonamide 
drugs." * Rammelkamp‘ has also observed that S. aureus may become 
“fast” to tyrothricin, both tm vitro and in vive. The present report 
is concerned with the iz vitro and in vive production of sulfonamide 
resistant strains of staphylococci. 

The in vitro observations were made with 2 strains of S. aureus 
isolated from patients with severe staphylococcal infections, A chem- 
ically-defined medium as described by Gladstone was used through- 
out.. These strains were made resistant by exposure to increasing 
concentrations of sodium sulfathiazole in this medium. Initial 
growth was established with a minute inoculum from an agar slant. 
Subsequent transfers of the cultures in the synthetic medium were 
made with a 5 mm wire loop. The two strains showed an initial 
difference in susceptibility to the action of sulfathiazole. Strain 14 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 

1 MacLean, I. H., Rogers, K. B., and Fleming, A., Lancet, 1939, 1, 562. 

2 MacLeod, C. M., and Doddi, G., Proc. Soc. Exp. Bron. AND MEp., 1939, 41, 69. 

3 Lowell, F. C., Strauss, E.; and Finland, M., Ann. Int. Med., 1940, 14, 1001. 

4 Westphal, L., Charles, R. L., and Carpenter, C. M., Ven. Dis. Inform., 1940, 
21, 183. 

5 Strauss, E., Dingle, J. H., and Finland, M., J. Immunol., 1941, 42, 313. 

6 Thid., 1941, 42, 331. 

7 Rammelkamp, C. H., Proc. Soc. Exp. Brow. AND Mep., 1942, 49, 346, 

8 Gladstone, G. P., Brit. J. Hxp. Path., 1939, 20, 189. 
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grew readily for several generations in the presence of 0.25 my per 
100 ml of sulfathiazole, but strain 7 was unable to institute growth 
in this concentration after the second transfer, It was necessary to 
start strain 7 in 0.1 mg per 100 ml, Control observations were car 
ried out with the parent strains transferred an equal number of times 
in a drug-free medium, 

The degree of growth was estimated regularly by measuring the 
density of the culture in the Evelyn photoclectrie colorimeter, as 
previously described.” The development of drug resistance was 
determined by seeding approximately 1,000 organisms per ml to 
tubes of medium containing varying concentrations of sulfanilamide, 
sulfapyridine, sulfadiazine, and sulfathiazole, Drug resistance was 
determined by a comparison of growth at the end of 24 and 70 hours 
of the parent strain and the “fast” strain in the presence of the fore. 
going drugs. 

After 130 transfers in increasing concentrations of sodium sulfa 
thiazole, that is, up to 10 mg per 100 mil, strain 14 grew readily in the 
presence of 200 mg per 100 ml of sodium sulfapyridine, 100 mg 
per ml of sodium sulfadiazine, and 50 mg per 100 ml of sodium 
sulfathiazole. Strain 7 was transferred an equal number of times 
in increasing concentrations of sodium sulfathiazole up to 5 mg per 
100 ml. After this, maximum growth took place in the presence of 
200 mg per 100 ml of sodium sulfapyridine, 75 mg per 100 ml of 
sodium sulfadiazine, and 40 mg per 100 ml of sodium sulfathiazole. 
Studies are now in progress to determine whether the biologic aec- 
tivity of the “fast” strains differs from the parent strains, 

To investigate the in vivo development of resistance to sulfonamide 
action, cultures were made from two patients with staphylococcal 
bacteremia before and after they had received sulfathiazole, Drug 
resistance was determined as described for the in vitro “fast” strains, 

Two strains were secured from a patient having a maximum of 
260 colonies per ml of blood, and complicated by the appearance of 
a retrobulbar abscess.| The patient recovered completely, Strain 
116a was isolated from the blood stream at the onset of the illness, 
The patient was then treated with sulfathiazole, parenterally and 
orally. Subsequent blood cultures remained sterile, but the localized 
lesion was treated by daily irrigation with sulfathiazole solution. 
Strain 116b was cultured from this lesion 11 wecks after isolation of 
116a. Strains 117a and 117b were obtained from the blood of a 


9 Spink, W. W., and J ermsta, J , PRO. Soc, Exe, Bion, any M N., 1941, 47, B95, 
4 This patient was observed through the courtesy of Dr. Jay ©. Davis of 
Minneapolis, 
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TABLE I. 
In Vivo Development of Sulfonamide-Resistant S. aureus, 


Concentration of drug in mg per 100 ml 


a 
Sulfathiazole Sulfadiazine Sulfapyridine 

Incubation oc J. SCt cond aly ey 

Strain hr 10 5 2 1 10 5 2. 1 10 5 2 1 
— | 

1l6a 24 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 oO ++ 0 oO + ++ 
116b 24 0 0 SRE RH tt RE et oct oO See 
70 0 sR ee bee cbB Soe ee Se- tintee 

117a 24 0 0 0 0 0 0 0 0 0 0 0 + 
70 0 0 0 0 0 0 ++ ++ 0 O ++ ++ 
117b 24 0 0 + ++ + ++ ++ ++ + ++ 44+ 44+ 
70 SPE Shc SERB Feb ESB EF SE SESE Sete 


a = Isolated before sulfathiazole therapy. 
b = Isolated after sulfathiazole therapy. 

+ = Initial growth. 

+ = Maximum growth. 

second patient having a maximum of 500 colonies per ml of blood. 
This patient expired. Strain 117b was isolated after 8 days of 
sulfathiazole therapy, and 3 days prior to death. While under treat- 
ment, the sulfathiazole concentration in the blood was 15 mg per 
100 ml. 

The results of the tests for drug resistance are recorded in Table I. 
Both strains became markedly resistant to the action of the sulfona- 
mide compounds. 

To our knowledge, these observations constitute the first recorded 
instance of staphylococci becoming resistant to the bacteriostatic 
action of the sulfonamides in the human body. It is not unlikely 
that further studies under way may reveal similar cases, and this 
phenomenon may explain, in part, the failure of sulfathiazole to clear 
the blood stream of organisms. It is significant that in the case of 
the patient who expired, coincident with the development of a “fast” 
strain of staphylococcus, there was a marked increase in the number 
of colonies in the blood. This “fastness” was detected after only 8 
days of therapy. 
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Evaluation of Acetylation of Sulfanilamide as a Test of 
Liver Function.” 


HaAppon M. Carrver AND VINCENT F. Swanson. (Introduced by 
A. C. Ivy.) 


From the Mayo Foundation, Rochester, Minn. 


In a study of the excretion of sulfanilamide by the digestive 
glands the possibility was considered that a test of liver function 
might be evolved.’ 

It is a known fact that in certain animals, including man, the 
body detoxicates aromatic amines by means of acetylation. This is 
the mechanism employed in the case of sulfanilamide.*’ This 
process has been studied extensively by investigators using p-amino- 
benzoic acid and sulfanilamide, and evidence presented would indi- 
cate that the liver is the sole organ in which this chemical change 
takes place.” * 

As sulfanilamide in the urine is excreted in a state of only partial 
acetylation in man,’ it was thought that varying percentages in the 
amount of the acetylated drug might reflect the state of liver function. 

In accordance with this idea, small amounts of sulfanilamide were 
given to normal subjects and to subjects known by accepted tests of 
liver function and by other means such as peritoneoscopy and surgical 
exploration to have hepatic disease. In some cases the diagnosis of 
hepatic disease was confirmed later at necropsy. The amounts of sul- 
fanilamide were considered to be sufficiently small not to cause any in- 
jurious results in the subjects tested. Urine was collected for 24 hours 
following the administration of the drug. Samples from this urine 


ee 
. * This work was started in the Northwestern University Medical School labora- 


tories of Dr. A. C. Ivy. It was completed in the clinical pathology laboratories of 


the Mayo Clinic. 
1 Carryer, H. M., and Ivy, A. C., J. Pharm. and Exp. Therap., 1929, 66, 202. 
2 Ellinger, aedenides, and Hensel, Marie, Z. f. physiol. Chem., 1914, 91, 21. 
GS Aadirnes, A. M., and Sherwin, C. P., Ann. Rev. Biochem., 1933, 2, 377. 
4 Sherwin, C. P., Physiol. Rev., 1922, 2, 228. 
5 Muenzen, J. B., Cerecedo, L. R., and Sherwin, C. P., J. Biol. Chem., 1926, 


67, 469. 


6 Harrow, Benjamin, and Sherwin, C. P., Ann. Rev. Chem., 1935, 4, 262. 
7 Harrow, Benjamin, Power, F. W., aad Sherwin, C. P., Proc. Soc. Exp. Biow. 


_ axp Mep., 1927, 24, 422. 


8 Harris, J. S., and Klein, J. R., Proc. Soc. Exp. Bio. any Mep., 1938, 28, 78. 
eel, E. K., Jr., Cutting, W. ee and Emerson, Kendall, Jr., Science, 1937, 


a 
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were analyzed for their percentage content of acetylated and non- 
acetylated sulfanilamide by the method of Marshall and his asso- 
ciates.'" "Portions of urine were hydrolyzed and analyzed in 
duplicate, 

Nineteen healthy subjects were given from 5 to 30 grains (0.3 to 
2 ¢) of sulfanilamide, The drug was given from one to 6 times to 
the various subjects, ° Analysis of the following 24-hour specimen 
of urine revealed that from 40 to 59% of the drug was acetylated, 
the average being 48%, Sixteen patients, 15 of whom had an ele- 
vated concentration of serum bilirubin with a direct van den Bergh 
reaction resulting from portal cirrhosis, disease of the biliary tract 
or carcinoma of the pancreas, were given 15 grains (1 ¢) of the 
drug, In these patients from 21 to 61% of the drug was acetylated, 
The data obtained did not correlate with the severity of the disease 
as indicated by the serum bilirubin, bromsulfalein elimination, pro- 
thrombin time and hippuric acid elimination tests. Five other pa- 
tients, who did not have jaundice but did have cardiac cirrhosis 
of the liver (one patient), carcinomatosis (2 patients) or severe 
thyrotoxicosis (2 patients), were given 15 grains (1 g) of the drug, 
These patients acetylated normal amounts of the drug, 

It was evident that the proposed test did not have any definitely 
apparent value in the determination of liver function or in the de- 
tection of hepatic disease, A possible explanation for the failure of 
this test may be found in the fact that ingestion of relatively small 
amounts of several substances will increase acetylation in the liver 
greatly, ‘These substances include many of the amino acids, ethyl 
ester of diacetic acid, sodium acetate, beta-oxybutyric acid, pyruvic 
acid, glyceric aldehyde, glycerol, acetic aldehyde, and other com- 
pounds, It is probable that the metabolism of many of these is 
changed greatly with advanced liver disease. 

Also, it has been shown recently that the body can deacetylate 
certain compounds." 

Summary, The extent to which sulfanilamide is acetylated 
by the liver was found not to be of any definite value as a test of 
liver function, 

10 Marshall, EB. K., Jr, Cutting, W. ©, and Emerson, Kendall, Jr. J. A. M. A, 
1938, 110, 252, 

11 Marshall, W. 1., Jr, and Litehfield, J. 'T., Jr., Seience, 1938, 88, 85. 

1% Tondorson, W., (Sehering Corporation), personal communication to Northey, 
Kh. H.; Chem. Rev, 1940, 27, 85. 
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Reactions of Monkeys to Experimental Respiratory Infections. 
VY. Hematologic Observations in Nutritional Deficiency States.* 


H. E. Wirson, C. A. Doan, S. SAsLaw anv J. L. ScHwas. 


From the Departments of Medicine and Bacteriology, Ohio State University, 
Columbus, Ohio. 


Earlier workers have reported studies on the hematology of vita- 
min B deficient monkeys.*** The current observations were under- 
taken in an attempt to determine which, if any, of the presently 
recognized components of the vitamin B complex will maintain or 
restore specific blood cell and nutritional equilibria. 

Methods. Healthy Macaca mulatta, receiving a normal diet, were 
isolated in individual cages and observed clinically and hematologi- 
cally for a control period of 2 to 3 weeks. The animals showing 
satisfactory equilibria were then divided into 3 groups and placed on 
experimental diets: (1) No. 600* (modified Goldberger), (2) No. 1 
and (3) No. 2 (Table 1). The controls have included observations 
on each experimental animal before it was placed on diet and on a 
number of monkeys of the same species and approximate age main- 
tained on stock diet. These animals showed no hematologic changes 
comparable to those to be described. 

Results. All of the monkeys on the experimental diets developed 
leucopenia. In the 4 animals on diet 600, this appeared between the 
42nd and 77th days. In the 6 animals receiving diet 1 and in the 
5 receiving diet 2, the time of appearance of the initial leucopenia 
varied between the 30th and 103rd days. 

One interesting feature of the response to these diets was a 
“plateau” period of remarkably stabilized total white cell counts 
preceding the first appearance of leucopenia. The relative con- 
stancy of the total white cell counts between the 14th and 45th diet 
days seen in monkey No. 4 (Fig. 1) is representative. Similar well- 
defined periods of stability varying in duration from 24 to 100 days 
were seen in 3 of the 4 monkeys on diet 600, 4 of the 6 on diet 1, 
and 2 of the 5 on diet 2. 


* This work has been aided by a grant from the International Health Division 
of the Rockefeller Foundation. Constituents of the special diets were generously 
furnished by the S.M.A. Corporation. 

i Langston, W. C., Darby, W. J., Shukers, C. F., and Day, P. L., J. Exp. Med., 
1938, 68, 923. 

2 Day, P. L., Langston, W. C., Darby, W. J., Wohlin, J. G., and Nims, V., 
J. Exp. Med., 1940, 72, 463. 
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Characteristic of the development of the leucopenia was an initial 
tramsitery decrease im circulating white cells, followed by one or 
more periods of temporary recovery, alternating with progressively 
more Severe eucopenie depressions, The profound terminal cytopenia 
mvelved all of the white cell elements. Thus, on the 49th diet day, 
monkey Ne. + showed a fall to 7000 white cells from the lowest 
contral level of 13,.50Q, while the ymphoeytes were reduced from 
NWO to STOO anc the neutrophils from 4500 to 180Q. Following this 
imitial ucopenia there was a perted of recovery to normal levels 
until the 70th day of diet, when the lymphocytes were reduced to the 
prevtows Ieucopente level and the neutrophils and monocytes fell to 
sti lower evel, Another brief period of partial recovery preceded 
the final precipitous fall of all the white cell cements (2000 W.B.C.) 
with death om the Gist diet day (Fig. 1). 

The leucopenia was more consistent than, and independent of, 
the anemia Three of the 4 monkeys receiving diet 600 exhibited 
moderate degrees of anemia. There was ne significant anemia prior 
to the terminal State in 3 of the 6 monkeys receiving diet 1 (Nos. 
22, RM 27) nor im 3 of the § receiving diet 2 (Nos 16 4Q 42). 
Monkey No. 23 (diet 1) and monkey No. 136 (diet 2) both showed 
moderate degrees af mormocytic anemia appearing between the 76th 
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and 82nd diet days. Two of the Sey on diet 600 (Nos. 8, 14) 
of those on diet 1 (Nos. 4, 11) exhibited slight microcytic 
ia, eens in each case on the 33rd or 34th diet day and 


eaters, exhibiting leucopenia while on diet,” with specific 
n supplements as indicated were given intramuscular injec- 
is of folic acid concentrate (S.M.A.) prepared from yeast auto- 
te.* Preliminary observations (¢. g., monkey No, 53, Fig. 2) 
est that some factor in this preparation is effective in reestah- 
normal white cell equilibrium, In striking contrast (in the 
g “spd Fig. 1) there was prompt exhaustion of a transi- 


hings, B, L., Bohonos, N., Peterson, W. HL, J. Biol. Chom., 1941, 144, 521. 
8., Schwab, J. L., Woolpert, O. C., Wilson, HL E., in press, . 
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Nature of Immunity in Poliomyelitis. 


A, F, RASMUSSEN, JR., AND PAUL F. CLARK, 


From the Department of Bacteriology, University of Wisconsin Medical School, 
Madison,* 


The evidence increases that circulating antibodies play a minor 
part in the resistance to poliomyelitis both in man and in monkeys, 
Antisera have commonly failed to prevent the disease’ even when 
used in large quantities or to modify its course when used thera- 
peutically ;° the’ disease has developed both in monkeys and in man 
even though they possessed neutralizing blood of high titer ;* anti- 
bodies have been found in 75 to 85% of normal adults regardless of 
previous poliomyelitis ;* neither resistance nor susceptibility to the 
disease in man or monkey presents any close correlation to the pres- 
ence or absence of demonstrable antibodies.® In consequence of these 
findings, some authors have attempted to seek an answer to the prob- 
lem of immunity in this disease on an hormonal basis,* with con- 
flicting results, others have raised the query of nutritional deficien- 
cies,” while still others have employed the term “tissue immunity’* 
to indicate the resistance, due to obscure factors, apparently inde- 
pendent of humoral antibodies. In attempting to unravel the varying 
reports on this type of resistance, one must bear in mind the primary 
cellular basis of immunity and anaphylaxis, the many instances of 
interference phenomena’ sometimes entirely non-specific, as well 
as the possibility of closely bound antibodies such as those demon- 
strated with the Shope rabbit papilloma virus."® 


* Aided by grants from The National Foundation for Infantile Paralysis, Ine., 
and from Jeremiah Milbank. 

1 Schultz, BE. W., and Gebhardt, L. P., J. Pediat., 1935, 6, 615; 1985, 7, 882, 

2 Kramer, 8. D., Aycock, W. L., Solomon, C. I., and Thenebe, C. L., New England 
J. Med., 1932, 206, 432; Park, W. H., J. A. M. A., 1932,.99, 1050. 

3 Harmon, P. H., and Harkins, H. N., J. A. M. A., 1936, 107, 552; Howitt, B. B., 
J. Infect. Dis., 1937, 60, 113; Kessel, J. F., and Stimpert, F. D., J. Immunol, 1941, 
40, 61; Harmon, P. H., Harkins, H, N., Fahey, J. J., and Wasbotten, P. M,, Proo. 
Soc. Exp. Bron. AND Mep., 1936, 34, 585; Brodie, M., Fischer, A. E., and Stiller- 
man, M., J. Clin. Invest., 1987, 16, 447. 

4 Schaeffer, M., and Muckenfuss, R. 8., Lancaster, Science Press, 1940; Shaugh- 
nessy, H. J.. Harmon, P. H., and Gordon, F. B., J. Prev. Med., 1980, 4, 463; 
Howitt, B. F., J. Infect. Dis,, 1982, 51, 565, 

5 Harmon, P., and Harkins, H. N., loc. cit.; Harmon, P, H., Harkins, H. N,, 
Fahey, J. J., and Wasbotten, P. M., loc. ctt.; Brodie, M., Fischer, A. B., and 
Stillerman, M., loc. cit.; Sabin, A. B., and Olitsky, P. K., J. Rep. Med., 1986, 64, 


IMMUNITY IN POLIOMYELITIS 345 


Recently Howe and Bodian™ have summarized their extensive 
investigations on neural mechanisms in poliomyelitis in a telling 
monograph. Closely related to the problem of our paper is their 
demonstration that a second attack of poliomyelitis can be induced in 
rhesus monkeys either with homologous or heterologous strains of 
virus provided a different portal of entry is employed, thus bringing 
the virus in contact with nervous tissue not previously involved with 
the virus. They suggest that their experimental data support the 
conception “that immunity to poliomyelitis in man is not the result 
of immunization of the nervous system but rather some process 
which prevents infective quantities of active virus from reaching 
nervous tissue.” 

We have been interested in determining what difference, if any, 
could be shown in the persistence and propagation of poliomyelitis 
virus along peripheral nerves of strongly immune as compared with 
normal monkeys. A preliminary paper on this point was presented 
at a meeting of the Society of American Bacteriologists in 1941.’” 

Four rhesus monkeys, which had recovered from a paralytic attack 
of poliomyelitis with MV virus and had resisted a second intracere- 


739; Shaughnessey, H. J., Harmon, P. H., and Gordon, F. G., J. Prev. Med., 1930, 
4, 463; Harmon, P. H., Am. J. Dis. Child., 1934, 47, 1179; Stewart, F. W., and 
Rhoads, C. P., J. Hxp. Med., 1929, 49, 959. 

6 Draper, G., New York, Appleton-Century, 1935; Levine, M. I., Neal, J. B., 
and Park, W. H., J. A. M. A., 1933, 100, 160; Thelander, H. E., and Pryor, H. B., 
Arch. Pediat., 1933, 50, 749; Jungeblut, C. W., and Engle, E. T., J. Hap. Med., 
1934, 59, 43; Hudson, N. P., Lennette, E. H., and King, HE. Q., J. Hap. Med., 1934, 
59, 543; Aycock, W. L., Am. J. Pub. Health, 1937, 27, 575; Aycock, W. L., Har- 
vard Univ. Pr., 1940, p. 555; Wiraboff, A., Rev. de laryng., 1934, 55, 896; Reynolds, 
S. R. M., and Foster, F. I., Am. J. Physiol., 1940, 131, 422. 

7 Jungeblut, C. W., J. Hap. Med., 1937, 65, 127; Jungeblut, C. W., J. Lap. Med., 
1939, 70, 315; Sabin, A. B., J. Exp. Med., 1939, 69, 507; Heaslip, W. G., Australion 
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bral inoculation, were available. The other immune animals were 
obtained by inoculating a mild “Kessel strain” (McK) intracere- 
brally into rhesus monkeys which had been used previously, but 
which had not shown signs of disease. The animals recovering 
from infection with this strain were then reinoculated with MV 
virus, the result in most instances being a second attack with more 
complete paralysis or paralysis of limbs not previously involved. 
The survivors were used in these experiments. 

Inoculations were made into the sciatic nerve just above the knee, 
excepting in monkey 419, series IV, in which the muscles of the 
leg were so atrophied that the ulnar nerve at the elbow was used. 
In each instance, the sciatic nerve employed was supplying functional 
muscle groups. In series I, 0.5 ml of 5% virus suspension was 
injected at several points so that the nerve sheath ballooned markedly. 
After it became evident that this method did not insure consistent 
infection, satisfactory results were obtained by the method of Bodian 
and Howe ;"* the nerve was sectioned with sharp scissors, and the 
proximal end soaked in 5% virus suspension for 4-10 minutes. Two 
to 5 days after inoculation, the immune animals and the similarly 
inoculated controls were sacrificed, and 0.5 to 2 g portions of cervical 
cord, lumbar cord, sciatic nerve proximal to the sciatic notch, and 
sciatic nerve at the site of inoculation were removed aseptically 
with separate sets of sterile instruments. Each tissue was then 
tested for virus by injecting 1.0 ml of a 10% suspension into the 
brains of normal monkeys. The effectiveness of the intrasciatic 
inoculation and the resistance of the immune monkeys was deter- 
mined by using normal and immune animals in each series as controls. 
(For details, see Table I.) 

In series [, in which the method of inoculation was ineffective, 
only one of the tissues reinjected, the sciatic nerve at the site of the 
inoculation of the normal control, Monkey 412, contained demon- 
strable virus. In the remaining experiments, Series I], III, and IV, 
in which the “nerve soak” method was used, the normal controls 
were paralyzed in from 4 to 5 days, while the immune controls were 
uniformly resistant to infection. In the normal animals which were 
inoculated and later sacrificed, the virus was demonstrated at pro- 
gressively higher levels as time advanced and the lesions developed ; 
the virus was never found in the immune animals. 

Evidence of virus invasion as seen by microscopic examination of 
sections of the cords of the animals sacrificed in Series IV agreed 
essentially with the animal titrations, no sign of recent virus activity 


13 Bodian, D., and Howe, H. A., Proc. Soc. Exp. Brow. anp Merp., 1940, 44, 170. 
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appearing in any of the sections from the immune animals, while 
those from the normal animal C-21, sacrificed 4 days after inocula- 
tion, revealed a striking degree of neutronecrosis and degeneration 
in the lumbar cord with less extensive damage in the cervical en- 
largement. 

In the 4 previously normal animals in which virus was found at 
various levels in the spinal cord, virus was also recovered from the 
sciatic nerve in 3 of 8 attempts, once from the site of inoculation, 
and twice from the nerve proximal to the sciatic notch; in an equal 
number of attempts, virus was not recovered from the sciatic nerves 
of any of the immune animals, While virus was found in the spinal 
cords of 4 of 5 normal monkeys 3 to 5 days after inoculation, it was 
never found in the spinal cords of immune animals inoculated in the 
same manner, 

These findings raise a question with reference to the interpretation 
of the results of Howe and Bodian. Perhaps there is no inconsist- 
ency since our animals were all infected several times and were solidly 
immune, ‘The infection was therefore widespread and the immunity 
was general with no evidence of susceptibility by a different portal 
of entry, as they describe. Recently, findings somewhat similar to 
ours have been presented by Habel,"* who found that rabies virus 
could be recovered from the brain, cord, and peripheral nerves of 
normal animals 12 to 25 hours after inoculation into the gastroc- 
nemius muscle, but could not be obtained from nervous tissues of 
immune animals similarly inoculated. 

Lack of monkeys made antibody studies in our series impossible, 
although it is assumed that neutralizing bodies were present in the 
blood of most of the immune animals. The experiments offer no 
definitive information as to the basis of the resistance in the recovered 
animals, but they do suggest the existence of some mechanism for 
the arrest of the virus, intimately associated with nervous tissue. Is 
this possibly due to the removal of some component essential for the 
proliferation of the virus, or is some inhibiting body present which 
prevents neuronal entrance ? 


14 Habel, K., U. S. Pub. Health Rep, 1941, 56, 692. 
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Hydrolysis of Hyaluronic Acid of Human Joint Fluid in vivo. 


CHARLES RAGAN AND ArLtene De Lamater. (Introduced by 
M. H. Dawson. ) 
From the Ldward Daniels Vaulkner Arthritia Clinic of the Presbyterian Hospital, 
ond the Department of Medicine, College of Physicians ond Surgeons, Columbta 
Uniwersity, New York, N.Y. 


There is present in joint fluid a polysaccharide which Meyer’ 
had named hyaluronic acid. This polysaccharide is believed to be 
the substance which is responsible for the increased viscosity of 
synovial fluid. One may obtain a rough estimate of the amount of 
polysaccharide present in the joint fluid from the relative viscosity 
of the fluid. A specific enzyme which hydrolyzes this polysaccharide 
has been recovered from bacterial filtrates and from various animal 
organs.” The enzyme has been shown to have many properties 
similar to the spreading factor of Duran-Reynals.»* The enzyme 
has been found to be active in vitro and so an attempt was made to 
determine its activity in vivo. In the experiments to be reported here 
the enzyme was injected directly into the joint space. 

Methods. Four patients were taken by chance as they were seen 
in the clinic or hospital. The enzyme was concentrated by Dr. Karl 
Meyer, who kindly furnished us with the material. It was derived 
from bulls’ testes. An aqueous solution of the enzyme was made up 
in small volume. The solution was then passed through a Seitz 
filter. Fluid was removed from the knee, and the enzyme was im- 
mediately injected into the joint space. At varying times thereafter, 
fluid was again removed from the knee. The joint fluid was cooled, 


‘the clot separated by slow centrifugation and the viscosity deter- 


mined on the supernatant fluid, using an Ostwald viscosimeter under 
standard conditions. Viscosity values are expressed as multiples 
of the viscosity of water. The total protein content of the synovial 
fluid was determined by a specific gravity-gradient method.’ 

Results. As shown in Table I, in all instances in which a potent 


1 Meyer, K., Smyth, E. M., and Dawson, M. HL, J. B. C., 1939, 128, 319. 


2 Meyer, K., Chaffee, E., Hobby, G. L., and Dawson, M. H., J. Bap. Med., 1941, 
73, 209. 

3 Chain, E., and Duthie, E. 8., Nature, 1939, 144, 977. 

4 Hobby, G. L., Dawson, M. H., Meyer, K., and Chaffee, E., J. Lap. Med., 1941, 
72, 109. 

5 Lowry, O. H., and Hastings, A. B., J. Biol. Chem., 1942, 143, 257. 
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TABLE I. 
Time during 
which Viscosity 
enzyme times water Protein g % 
Amt of testicular allowed A, 9 — 
Cause of extract injected toact, Before After Before After 
Hydrarthrosis in water min enzyme enzyme enzyme enzyme 
Rheumatoid (4): 2.6 mg in 2 ce 16 79 «|= 4.4 50.049 
Arthritis (2) 6.5 mg in 5 ce 130 6.3 2.5 5.0 4.8 
Rheumatoid (1) 6.3 mg in 5 ce 170 45.7 32.0* 3.9 3.8 
Arthritis (2) 49 mg in 3 ce 115 119.6 24.2 4.1 4.1 
Possible (1) 6.3 mg ind ce 155 6.6 5.1* 4.9 4.4 
Traumatic (2) 3.8 mg in 3 ce 90 6.0 1.6 5.1 4.7 
Arthritis 
Rheumatoid 3.6 mg in 3 ee 105 18.0 4.6 5.6 5.4 


Arthritis 


*Bnzyme was also inactive tn vitro. 


enzyme was injected, the viscosity of the joint fluid was markedly 
reduced. In 2 instances in which an enzyme was injected which had 
become inactive as measured by in vitro hydrolysis no significant 
reduction in viscosity occurred. Since the change in joint fluid pro- 
tein was of small magnitude, we believe the changes in viscosity 
were not the result of dilution caused by adding an aqueous solution. 

Another experiment was done to show that the change in viscosity 
of the joint fluid is brought about by the enzyme itself. This ex- 
periment is outlined in Table I. Fluid was withdrawn from the 
right knee at approximately hourly intervals. After the first hour, 
2.5 cc of sterile water was injected into the joint. An hour later 
there was a small reduction in viscosity of the same order of mag- 
nitude as the fall in total protein. At this point a similar amount 
of water in which 3.4 mg of testicular enzyme had been dissolved 
was injected into the joint. There was again a slight fall in protein 
content, but with the addition of the enzyme, the fall in viscosity was 
marked. 

There was no significant change in the underlying disease leading to 
the hydrarthrosis. There were no marked changes in erythrocyte 


TABLE II. 
Substance injected Joint fluid viscosity 
Time into joint space times water Protein g % 
8:30 24.3 3.9 
9:20 22.8 3.9 
9:22 2.5 ee of water 
10:30 19.3 3.7 
10:32 3.4 mg of testicular extract 


in 2.5 ce of water 
11:35 21 3.6 
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sedimentation rate, agglutination with the Group A _ hemolytic 
streptococcus, or in the general course of the disease. After a week in 
most instances, the viscosity of the joint fluid had returned approxi- 
mately to its original level. There was no change in the tendency 
of the fluid to reaccumulate in the joint. 
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Electrophoretic Analysis of Human Semen.” 


SEYMOUR GRAY AND CHARLES HUuGGINS. 


From the Departments of Medicine and Surgery, University of Chicago. 


The seminal proteins are of interest in that they are largely com- 
posed of proteoses (60%). By analytical methods globulins account 
for 21-40% of the total seminal proteins." The present study was 
undertaken to investigate this nondialyzable portion. 

Method. The electrophoretic patterns of normal and pathological se- 
men were studied with the Longsworth’ modification of the Tiselitus’ 
apparatus. Four pooled normal semen specimens and one specimen 
from a patient, whose semen contained a persistent thick coagulum, 
were studied. The semen was centrifuged in a high speed centrifuge 
at 12,000 revolutions per minute and was then diluted with 1 to 3 
volumes of buffer depending on the turbidity of the solution. The 
solution was then dialyzed for 3 to 4 days at 0° against several 
liters of the same buffer consisting of 0.025 M veronal, 0.025 N 
hydrochloric acid and 0.025 N sodium chloride at pH 7.8. The 
protein solution was then centrifuged at 0° before being introduced 


into the electrophoretic cell. 


The semen was introduced into the 2 lower compartments of the 
Tiselius cell. The 2 upper compartments of this cell were then dis- 
connected, and buffer was added to the two upper cells. After 
equilibrium had been established in a constant temperature bath 
at 0° to 2° the 2 upper cells containing the buffer were made con- 
tinuous with the 2 lower cells containing the protein and a direct 
current of 6 milliamperes was applied to the protein solution. 


*This investigation was aided by a grant from the National Committee on 
Maternal Health. 

1 Huggins, C., Scott, W. W., and Heinen, J. H., Am. J. Physiol., 1942, 136, 467. 
_ 2 Longsworth, L. G., Shedlovsky, T., and Mac Innes, D. A., J. Exp. Med., 1939, 
70, 399. 

3 Tiselius, A., Tr. Faraday Soc., 1937, 38, 524. 
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TABLE I. 
Mobilities of Semen Proteins. 


Mobilities, U & 105 


Wats = \ 

Patient Albumin Alpha. Beta Gamma 
WGZ 6.3 4.7 2.2 6 
WwW 6.0 4.1 2.4 7 
N 6.0 4.4 2.5 6 
LNS 6.0 4.2 2.3 6 
LZ 6.4 4,7 2.3 6 


Normal Serum 6.1 4.3 Pale 8 


All photographs and measurements were made of the protein 
boundaries descending into the protein solution at the negative pole 
of the cell. 

Results. Four protein fractions are observed electrophoretically 
in normal and pathological human semen. These 4 proteins have 
the same mobility as albumin, alpha, beta, and gamma globulin 
observed in normal serum, and may be presumed to be identical 
with these protein fractions. (Table I.) 

The beta globulin constituted 34.3 to 44.5% of the total protein 
and was present in largest amounts uniformly in all semen specimens 
studied, (Table II.) The alpha globulin was the second largest 
component in all but one semen, and formed 19.8 to 27.8% of the 
total protein. In the one exception (Table II, case W) the gamma 
globulin was larger than the alpha globulin, constituting 26.1% of 
the protein content. 

The third largest protein fraction was the albumin which was 
present in 17.7 to 22.7%. This was observed in 4 of the 5 semen 
specimens, but in one (Table II, case N) the gamma globulin was 
larger than the albumin. The smallest protein component in 3 of the 
5 cases was the gamma globulin which varied between 11.4 and 21%. 

The pathological semen (Table II, case LZ) was identical in pro- 
tein composition with the normal semens. 

Conclusion, 1. Four protein fractions were observed in 4 normal 


TABLE II. 
Percentage Composition of Semen Proteins. 
Patient Albumin Alpha. Beta Gamma 
WGZ 17.7 27.8 43.1. atom 
W 22.7 15.9 35,2 26.1 
N 18.1 20.5 41.0 20.4 
LNS 21.4 23.2 34.3 21.0 
LZ (abnormal) 19.0 19.8 44.5 16.7 


Normal Serum 64 Hi 14.5 14.4 
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and one pathological semen specimens subjected to electrophoretic 
analysis. 2, The electrophoretic mobilities of these protein fractions 
after dialysis are identical with those of the albumin, alpha, beta, and 
gamma globulins of normal serum, 3. Average values for these 
components as percentages of the total nondialyzable semen protein 
are: beta globulin, 39.6; alpha globulin, 21.3; albumin, 19.9; and 
gamma globulin, 19.1. 4. The protein composition of the one patho- 
logical semen studied did not differ from the 4 normal semens. 
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Difference in Response of Certain Strains of Rats to Augmenta- 
tive Gonadotropie Effect. 


James D. Hauscuitor snp Joun S. Evans. (Introduced by 
H. Jensen.) 
From the Research Laboratories, The Upjohn Compony, Kalamazoo, Mich, 


The phenomenon of synergism between gonadotropic hormones 
first reported by Evans, Simpson and Austin’ has been repeatedly con- 
firmed and has since served as an aid in the estimation of the pituitary 
follicle-stimulating hormone, The most common synergistic com- 
bination is that of human chorionic gonadotropin with pituitary 
follicle-stimulating preparations. It was surprising, therefore, to 
find that some anterior pituitary preparations prepared in this labo- 
ratory and considered fairly certain to contain follicle-stimulating 
factor in a relatively pure state, gave no augmented response when 
combined with prolan, The combinations were tested by the ovarian 


; weight i increase in normal immature female rats of the Sherman 


strain obtained from the Rockland Farms, These rats have been 
used successfully in this laboratory for the assay of either chorionic 
gonadotropin (prolan) or the gonadotropin of pregnant mare serum 
alone. They have been found to give responses comparable to those 
given by Wistar rats from our dwn colony. However, the elimina- 
tion of one factor after another finally led to the conclusion that 
the insensitivity of the strain of rats being used was the only re- 
maining explanation for our failure to get augmentation in test 
animals when chorionic gonadotropin was combined with a highly 
purified follicle-stimulating fraction of the sheep pituitary. 

a | When tested on Silat dbs rats, a  sopceeromed pe 
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ration* gave good augmentation when combined with chorionic 
gonadotropin. A simultaneous and parallel experiment, using Sher- 
man rats brought out forcibly the contrast between the response of 
each strain. Results are given in Table I. Obviously the ovarian 
responses of the Sherman rats are simply additive and show no 
augmentation. This data is merely an example. Using follicle- 
stimulating preparations of our own we have produced similar 
results, and have been able to show suitable augmentation in Wistar 
rats. Results are shown in Table II. 

A difference in sensitivity between strains of rats has been noted 
previously in regard to the anterior pituitary gonadotropins.” * 
When males were used, it was found that Sprague-Dawley rats 
were many times as sensitive as those of the Long-Evans strain. 

TABLE I. 


Comparative Responses of Sprague-Dawley and Sherman Rats to the Augmentative 
Gonadotropie Effect. 


Sherman Sprague-Dawley 
. SEN GRRE DNR ote 
Ov.wt Range No. Ov.wt Range No. 
Material Dose mg meg rats mg mg rats 
FSH AGunits, (266 14-6710) |, BARubetede LOM 
Prolan 200120 19.4 14-27 10 28.5 18-40 20 
PMS 2.51.U — — -- 19 11-27 5 
Ley el LBL — — — 22 15-29 10 
10) TG 30.8 21-44 8 28 17-36 31 
20 TU 70.6 58-94 15 _- — — 
FSH + Prolan 4.8 units 
20 L.U. 42 14-70 NOS ee 89-142 10 
FSH (4.8 units) 2.5 1.U. — — — 75 57-85 5 
+ PMS Die walt, 89 65-111 10 
LOL: 69.9 45-109 87) 1s 76-185 11 
200 LIU 79.5 53-109 8 —_— _— _— 


Controls 9.5 9-10 10 15 14.8-16 10 


FSH = Follicle Stimulating Hormone. 
PMS = Pregnant Mare Serum Hormone. 

Prolan = Chorionic Gonadotropin. 

1 Unit of FSH = that amount, 4% of which when given subcutaneously once 
daily for 3 days to hypophysectomized rats (26-28 days old at operation, 7 to 8 
days post-operative interval before injections) causes resumption of follicular 
growth as evidenced at autopsy 72 hours after onset of injections. 


* We are greatly indebted to Dr. H. M. Evans for supplying a purified follicle- 
stimulating preparation through the courtesy of Dr. H. Jensen, 

2 Fevold, H. L., Protein Hormones of the Pituitary, Manuscript of N, Y. Acad. 
of Sci., 1942. 

3 Fraenkel-Conrat, H., Simpson, M. E., and Evans, H. M., Endocrinology, 1940, 
27, 809. 
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TABLE ITI. 
Comparative Responses of Sprague-Dawley, Sherman and Wistar Rats to the Augmentative 
Effect. 
Sherman Wistar Sprague-Dawley 
ET GA ea kk eS a: ee ae = pee ST y 
_ Ov.wt Range No. Ov.wt Range No. Oy.wt Range No. 
Material Dose mg mg rats mg mg rats mg mg rats 
Control 9.5 9-10 7 12.0 10.6-13.7 14 15.0 14,8-16 10 
a. Prolan 20 L.U. 19.3 14-27 10 24.1 18-31 10 28.5 18-40 20 
ee FSH 2mg 17.9 11-27 10 19.1 15-25 10 18.6 17-21 10 
4 PMS OTUs. 24.8 16-34 10 21.9 16-35 10 27.0 20-31 10 
2mg 
FSH + -:Prolan 201.U. 49.5 36-67 10 73.0 438-112 10 87.0 67-122 10 
3 2mg 


FSH + PMS 20 1.U. 55.0 47-67 10 60.0 50-68 5 80.0 55-123 10 


FSH — Follicle Stimulating Hormone. 
PMS = Pregnant Mare Serum Hormone. 
Prolan = Chorionie Gonadotropin. 


It is entirely conceivable that a similar difference might be even more 
a pronounced in females even though such a striking difference as we 
) have observed has not been reported as far as we know. It may be 
that histologic differences between the ovaries of synergistically 
? treated Rockland and Sprague-Dawley rats are not as pronounced 
as the differences in the gross ovarian appearance and weight. Many 
assays for the gonadotropic activity of pituitary preparations are 
conducted on the ovarian weight basis. Since the above results in- 
g dicate that the ovarian response (weight) depends on the strain of 
rats employed, results obtained in different laboratories must be 
compared with care when mixed gonadotropins are assayed. 
Summary. A marked difference in the sensitivity of three different 
strains of rats to the synergistic action of certain gonadotropic hor- 
mones has been shown. The three strains, Sprague-Dawley, Wistar 
. and Sherman, give comparable responses to the gonadotropins of 
pituitary, pregnant mare serum and pregnancy urine when adminis- 
‘tered singly. Only the Sprague-Dawley and Wistar strains show any 
augmentative response when purified pituitary follicle-stimulating 
hormone is given in combination with either chorionic gonadotropin 
(prolan) or pregnant mare serum hormone. 
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Augmentation of the Pregnant Mare Serum Gonadotropic Effect. 


H. JENSEN, JAMES D,. HAUSCHILDT AND JOHN S. Evans. 


From the Research Laboratories, The Upjohn Company, Kalamazoo, Mich. 


It is now generally recognized that the physiological effects ob- 
served on administration of the purified gonadotropin from pregnant 
mare serum into hypophysectomized immature female rats at dif- 
ferent dose levels are: Minimal doses produce only repair of the 
deficient interstitial tissue without any apparent effect either upon 
the follicles or indirectly upon the vagina and uterus. Larger 
amounts, in addition to the repair of the interstitial tissue, also cause 
development of follicles. A further increase in dosage results in the 
formation of corpora lutea and estrous changes in the vagina and 
wuieertis:” * 

It is at present not possible to decide whether the gonadotropic 
effect of pregnant mare serum is exerted by two. distinct separate 
principles, one specifically affecting the interstitial tissue of the 
ovary and the Leydig tissue of the testis, and the second causing 
follicular growth in the female and germinal tissue development in 
the male, or whether it is the property of a single individual principle. 
No pure crystalline gonadotropic pregnant mare serum compound 
possessing both, or any one of the activities has as yet been isolated. 
The possibility has to be considered that the two principles (follicle- 
stimulating and interstitial cell-stimulating) may be linked together 
in the form of a single composite molecule (‘‘mother molecule’) 
or that they may be attached to the same carrier protein. This 
theory does not necessarily mean that the two “factors”, if com- 
bined in a single molecule or if attached to the same carrier protein, 
are present in the most favorable ratio for complete synergism in the 
rat, or that the optimum proportions are the same for all species of 
animals, or for both sexes of any one species. 

It seemed of interest to determine whether the gonadotropic re- 
sponse of pregnant mare serum, as tested by the increase of ovarian 
weight in normal immature female rats, could be augmented either 
by the addition of a follicle-stimulating or interstitial cell (luteiniz- 
ing) preparation. 

Experimental, The gonadotropic preparations used in this study 


1Leathem, J. H., Proc. Soc. Exp. Bion. AnD Mep., 1939, 42, 590. 
2 Cole, H. H., Pencharz, R. I., and Goss, H., Endocrinol., 1940, 27, 548. 
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were a pregnant mare serum fraction (P.M.S.) assaying 1800 in- 
ternational units per mg, a follicle-stimulating preparation (F.S.H.) 
obtained from sheep pituitary, containing 40 rat units* per mg, 
and a chorionic gonadotropin preparation from human pregnancy 
urine containing 200 international units per mg. 

The augmentation experiments were carried out in normal im- 
mature female rats (21-23 days old) by subcutaneous administration 
of the gonadotropic pregnant mare serum preparation alone or of 
im vitro combination of this preparation with either the follicle- 
stimulating preparation or with chorionic gonadotropin. Injections 
were made once daily for 3 days, followed by autopsy 24 or 48 hours 
after the last injection. The animals used in these experiments were 
either of the Sprague-Dawley or Long-Evans strains. The data 
given in Table I represent average results obtained with about 20 
animals per group (Series 1) and 10 animals per group (Series 2). 

From the results recorded in Table I, it is apparent that the addi- 
tion of a follicle-stimulating anterior pituitary fraction enhances 
the gonadotropic activity of pregnant mare serum as measured by 
the increase in ovarian weight. The follicle-stimulating hormone 
preparation employed in such augmentation experiments naturally 
has to be comparatively free of the interstitial cell-stimulating or 
luteinizing principle. As can be seen from Table I, no true aug- 
mentative response was observed when pregnant mare serum was 
administered in combination with chorionic gonadotropin. 

TABLE I. 


Effect of in Vitro Addition of Hither Follicle-Stimulating Hormone or Chorionic 
Gonadotropin to Pregnant Mare Serum Gonadotropin. 


Series No.1 Series No.2 
[0 | r SS 
Dosage Dosage 
a a. TN | 5 oat kaa. 
x Chorionie Ovarian Ovarian 
P.MS., F.S.H., Gonadotropin, wt, P.M.S., HSH. wt, 
sll U2 R.U. LU. mg Mew R.U. mg 
8 — _ 23 5 — 22 
16 — —_ 47 10 —_— 31 
ea ae) ae 22 a 4.8 27 
_— } —_— 20 29 —_ 3.6 20 
8 4.0 — 80 5 4.8 88 
16 4.0 = 100 10 3.6 ably 
8 =_ 20 35 — 
16 = 20 2 —— 


Series No. 1 autopsied 24 hours after the last injection. Series No. 2 autopsied 
48 hours after the last injection. Uninjected controls ovarian weight 13 mg. 


* One rat unit of F.S.H. capable of causing resumption of follicular growth in 
immature hypophysectomized rats. 
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The augmentation of pregnant mare serum gonadotropin by the 
pituitary follicle-stimulating hormone can be considered to be of a 
specific nature, since it has been shown that non-specific augmenting 
substances, such as copper or zine salts, inert proteins, adrenalin, ete., 
which synergize pituitary extracts, do not augment the hormone 
from pregnant mare serum.* 

Summary, An augmentative effect was observed when pregnant 
mare serum gonadotropin was administered in combination with a 
pituitary follicle-stimulating preparation, On the other hand, 
the addition of chorionic gonadotropin under the same experimental 
conditions, did not potentiate the gonadotropic effect of the pregnant 
mare serum preparations. 


13798 P 


Electrophoretic Analysis of Anti-Papilloma Rabbit Serum.* 


D. G. SHarp, A. R. Taytor, Dororuy BEARD AND J. W. BEArD. 


From the Department of Surgery, Duke University School of Med, 
Durham, N.C. 


Serum from domestic rabbits bearing the growths of infectious 
papillomatosis' and those injected with extracts of domestic or 
cottontail rabbit growths or with the purified papilloma virus pro- 
tein may contain immune bodies demonstrable by complement fixa- 
tion, neutralization or precipitation.” Recently, studies have been 
made in this laboratory to learn whether these immunological char- 
acters are paralleled by abnormal electrophoretic behavior of such 
serum. 

Sera from individuals of 6 groups of rabbits were examined: 
(1) domestic rabbits injected intraperitoneally with 0.5 mg of purified 
papilloma virus protein, once a week for 6 weeks, and serum taken 
for study every 7 days (for a total of 51 days) ; (2) domestic rabbits 
injected intravenously with 0.5 mg of purified papilloma virus pro- 
tein, twice a week for 6 weeks, and the serum examined after 21 
and 50 days; (3) domestic rabbits injected intraperitoneally with 


3 Evans, J. S., Hines, L. R., Ceithaml, J. J., and Koch, F. C., Endocrinol., 1940, 
26, 1012. 

* This work was aided by the Dorothy Beard Research Fund and by grants 
from Lederle Laboratories, Inc., Pearl River, New York. 

1 Shope, R. E., J. Exp. Med., 1933, 58, 607. 

2 Bryan, W. R., and Beard, J. W., J. Nat. Cancer Inst., 1941, 1, 607. 
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1.0 cc of a 7.5% suspension of domestic rabbit warts, twice weekly 
for 6 weeks; (4) domestic rabbits bearing experimentally-induced 
growths for 39 to 72 days; (5) domestic rabbits carrying transplanted 
growths® in abdominal organs for 115 days; (6) cottontail rabbits 
bearing experimentally-induced growths for 37 and 40 days. The 
serum was diluted with 2 volumes of buffer solution of pH 7.8 
containing 8.7675 g NaCl, 2.6274 g NasHPO,, and 0.2071 g 
NaH.PO,: H.O per liter and dialyzed for 4 to 6 days at 2 to 9°C. 
For electrophoresis the moving boundary method of Tiselius was 
used and the boundary gradients were recorded as previously de- 
scribed.* The index of serological change was complement-fixing 
titer. 

In the sera of animals receiving the virus intravenously or intra- 
peritoneally, the complement-fixing titer was 1:16 to 1:256. No 
abnormality either qualitative or quantitative, was seen in the 
electrophoretic behavior of the sera. The serum from animals re- 
ceiving suspensions of domestic rabbit growths intraperitoneally 
fixed complement in 0 to 1 :4 dilution, and no change occurred in the 
electrophoretic pattern. 

Definite changes were seen, however, in the sera of animals bear- 
ing growths in the skin (complemient not fixed in 1 case, but fixed in 
dilutions of 1:2 to 1:8 in 5 cases) or growths transplanted to ab- 
dominal organs (complement fixed in 0 dilution). The electro- 
phoretic diagram of such a serum is seen in Fig. 1. For comparison 
and to illustrate the significant characters, the diagram of a serum 
from an animal injected intraperitoneally with papilloma virus protein 
is given in Fig. 2. The diagram of Fig. 2 shows no difference 
from that of normal rabbit serum described elsewhere. The sig- 
nificant abnormality of Fig. 1 was the high, relative and absolute, 
quantity of the complex represented in the beta boundary, both of 
which were well beyond the limits of variation in normal sera.° 
The beta complex of Fig. 1 represented 30.3% of the total protein 
in contrast with 15% as the mean for normal rabbit serum. The 
significance of the enhanced beta boundary of serum from rabbits 
carrying warts is not yet apparent. Enhanced beta boundaries have 
been seen® in human sera from patients with obstructive jaundice, 


3 Rous, P., and Beard, J. W., J. Exp. Med., 1934, 60, 701. 

4Sharp, D. G., Taylor, A. R., Beard, D., and Beard, J. W., J. Biol. Chem., 1942, 
142, 193. 

5 Sharp, D. G., Taylor, A. R., Beard, D., and Beard, J. W., J. Immumnol., 1942, 
in press. 

6 Longsworth, L. G., Shedlovsky, T., and MacInnes, D. A., J. Exp. Med., 1939, 
7Q, 399. 
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Fig. 1. Fig. 2. 

Fic. 1. Refractive index gradient curve of serum from a domestic rabbit bear- 
ing cutaneous papillomas. The curves were photographed at 0 and 276 minutes by 
the method of crossed slits. The potential gradient was 4.73 volts/em at 0.2 ionic 
strength and 1°C, 

Fig. 2. Refractive index gradient curve of serum from a domestic rabbit imocu- 
lated intraperitoneally with purified papilloma virus. The curve was photographed 
after 311 minutes’ migration. The potential gradient was 4.77 volts/em at 0.2 
ionic strength and 1°C. 
multiple myeloma and nephrosis. In these cases portions of the 
complex responsible for the beta boundary were ether-soluble. Such 
proved to be the case in the present work since the beta component 
could be reduced to normal proportions by extraction of the serum 
with ether. None of the beta component was absorbed by purified 
virus (9.0 mg virus to 6.0 cc of serum) nor by suspensions of 
domestic rabbit growths. Only one of 6 sera examined showed no 
enhancement of the beta boundary and this was from an animal in 
which retrogression of the growths was in progress. It thus appears 
that the abnormal component associated with the enhanced beta 
boundary represents a lipoidal material unrelated to the papilloma 
antibodies. 

In the sera of 2 cottontail rabbits bearing warts, complement-fixing 
titer 1:16 and 1:32, the findings differed from those with domestic 
rabbits. In both, change in the beta globulin component was ques- 
tionable but there appeared to be a definite increase in the gamma 
globulin. Serological changes after immunization are usually paral- 
leled by changes in the gamma globulin component, but it is note- 
worthy that the complement-fixing titers of these cottontail rabbit 
sera were less than those seen in domestic rabbits immunized with 
purified virus. The lack of increase in the beta boundary may be 
related to biological phenomena concerned with the growths them- 
selves as reported in an accompanying paper." 


7 Taylor, A. R., Sharp, D. G., Beard, D., and Beard, J. W., Proc. Soc. Exp. 
Bron. AND Mep., 1942, submitted for publication. 
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Effect of Certain Split Products of Carcinogenic Azo Dyes on 
Melanin Formation.* 


ANNE K. Baker, B. E. KLine anp H. P. Ruscu. 


From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, 
Madison. 


During the course of some experiments concerned with the pro- 
duction of tumors by the subcutaneous injection of o-aminoazo- 
toluene and 2,2’-azonaphthalene, it was noted that many of the black 
haired ABC mice developed grey hair following such treatment. The 
greying was at first local around the site of injection, and later 
became more general following the pattern described in the litera- 
ture.* Since melanoblast pigmentation is concerned with melanin 
formation, this observation led to the present investigation which is 
concerned with the effects of certain oxidation products of these 
dyes on the tyrosine-tyrosinase reaction. Because there is consid- 
erably more information regarding the split products of butter yel- 
low, an azo dye differing from o-aminoazotoluene only in the position 
of the CH, groups, the following compounds were studied : p-phenyl- 
enediamine, p-aminodimethyl aniline, and p-aminophenol.? These 
substances were used because aminoazotoluene and azonaphthalene 
are insoluble in water. Likewise as a possible oxidation product of 
azonaphthalene, B-naphthylamine was tested. As a check on our tech- 
nic, modified after that of Martin, Wisansky and Ansbacher,’ we 
also tested and confirmed their observations on sulfanilamide, p- 
aminobenzoic acid and hydroquinone. Because of their structural 
similarity, 3 other compounds were tested, 7. ¢., methyl p-phenylene- 
diamine, quinone and p-aminoacetanilide. 

The technic was briefly as follows: Amounts of tyrosine and of 
the compound to be studied sufficient to make a 0.001 molar solution 
of each substance were weighed out and were dissolved in M/15 
Sorenson’s phosphate buffer at pH 7.0. To 20 cc of this solution 
was added 0.5 ce of crude tyrosinase obtained from potato juice. 


* This investigation was supported by a grant from the Jonathan Bowman Fund 
for Cancer Research. 

1 Richter, C. P., and Clisby, K. H., Proc. Soc. Exp. Bion. AND Merp., 1941, 
48, 684. 

2Stevenson, EH. 8., Dobrimer, K., and Rhoads, C. P., Cancer Research, 1942, 
2, 160. 

3 Martin, G. K., Wisansky, W. A., and Ansbacher, S., Proc. Soc. Exp. Bion. AND 
Mep., 1941, 47, 26. 


Compound tested Compound alone Enzyme* Tyrosine Enzyme* 

Sulfanilamide Colorless Colorless Colorless Brown-black sol. SL ppt. 

p-Aminobenzoie 23 $3 a2 Yellow-brown sol. Ne ppt. 
acid 

p-Aminoacetan- ded Yellow pink ? Red-brown sol. No ppt. 
ilide cloudy 

B-Naphthylamine Pink sol. Pink sol. Pink sol. Pink sol. No ppt. 

»* ppt. 27) ppt. 

p-Aminodimethyl Deep reyal Purple-black  Purple-bleck  Purple-black. Black ppt. 
aniline purple Black ppt. Sl. ppt. 

p-Phenylene- Red-black Red-black Red-black Red-black. Black ppt. 
diamine Sl. black ppt. No ppt. 

Methyl pphenyl- Royal purple Red-purple Royal purple Red-purple. Black ppt. 
enediamine Blaek ppt.? Black ppt.t black ppt. ‘ 

p-Aminophenol Brown sol. ppt. Brown sol. ppt. Brown sel. ppt. Brown sol. ppt. 

Quinone Orange redt Deep reddish Orange red Brewn-black. Ne ppt. 

brown 
Hydroquinone Yellow-pink Deep reddish Yetlew-pink Deep reddish brown. 
brown ppt. 
Tyrosine (control) Colorless Black ppt. 
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The latter was prepared by grinding the potato, centrifuging and 
using the supernatant fluid. The reaction mixture was placed in 
125 cc Erlenmeyer flasks and allowed to stand for 18 hours in air, 
and color observations were made after 4, 6 and 18 hours. Several 
ee were run with every experiment, . é,, tyrosine plus tyro- 
sinase, tyrosine and compound, compound and tyrosinase, and the 
eS alone, The end results are briefly summarized in Table I. 
Only the color and precipitation reactions at the end of the 18 hours 
are reported because at this time a good precipitate of melanin was 
invariably produced in the control tube, 

Some of the compounds tested are autonidizable (p-aminodimethyl 
aniline, p-phenylenediamine, methyl p-phenylenediamine and p-amino- 
phenol) and gave similar reactions when added to the tyrosine- 
tyrosinase solution or when present m the various control runs 
(Table). Any interpretation of the inhibitory effect of these com- 
pounds on this reaction is therefore difficult to make. Sulfanilamide, 
p-aminobenzoic acid, p-aminoacetanilide, and B-naphthylamine are 
not autoxidizable and were not oxidized by the enzyme, yet they in- 
terfered with the production of melanin from tyrosine. These com- 
pounds might conceivably compete with the tyrosine for the enzyme 
and thus inhibit melanin formation, but this suggestion is by no 
means certain, Since the non-autoxidizable compounds, which in- 

TABLE I. 
Effect of Various Compounds on Melanin Fermation. 
Appearance of solutions after 18 hours. 


Compound + Compownd+ Compound + Tyrosine + 


* Enzyme = tyrosinase ebtained from potato juice. 
+ Longer time — deep reddish brown. 
¢} Observed after 48 hours. 


7 
; 
< 


OSTEOPOROSIS 363 


hibit the reaction, show a close chemical relation to the substances 
which are autoxidizable, (e. g., compare p-aminoacetanilide with 
methyl p-phenylenediamine) it is not improbable that the latter com- 
pounds may also have an inhibitory effect which is masked by their 
own color reactions. 

The tendency of these autoxidizable substances to form colored 
compounds and finally a black precipitate may be due to a reaction 
similar to the formation of quinhydrone from quinone and hydro- 
quinone and of phenoquinone from phenol and quinone as described 
by Karrer.* The question arises whether or not the formation of 
melanin could arise in a similar manner. Raper® reports that 
3,4-dioxyphenyl alanine is formed upon the oxidation of tyrosine 
by tyrosinase and that after the oxidation the enzyme can be re- 
moved and melanin is still formed. Since the intermediate com- 
pound has a quinoid grouping, it seems possible that it might react: 
to form melanin as indicated above. 

Summary. The effect of certain split products of some carcino- 
genic azo dyes and related compounds on melanin formation was 
studied. It was observed that certain non-autoxidizable compounds 
such as p-aminoacetanilide, B-naphthylamine, p-aminobenzoic acid 
and sulfanilamide interfered with this reaction. When chemically 
related autoxidizable compounds (p-aminodimethylaniline, p-phenyl- 
enediamine, methyl p-phenylenediamine and p-aminophenol) were 
used, the color changes in both tyrosine-tyrosinase and control solu- 
tions were similar. It is, therefore, difficult to interpret the action of 
these latter chemicals on melanin formation. 
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Effect of Low Calcium and Vitamin D-Deficient Diet on Bones 
and Teeth of Mature Rats.* 


\ AXEL P. LuNpD AND W.,D. ARMSTRONG. 


From the Laboratory of Dental Research and Division of Physiological Chemistry, 
University of Minnesota, Minneapolis, Minn. 


Twenty male albino rats which had been raised to an age of 11 
months on an adequate stock diet were fed for 5 weeks on a control 


4 Karrer, Paul, Organic Chemistry, New York, 1938. 
5 Raper, H. S., Biochemical J., 1927, 21, 89. 
* This work was supported by a grant from the Carnegie Corporation. 
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diet containing Q462% calcium, O458% phosphorus and adequate in 
vitamin D. Ten of the animals were then transferred to the ex- 
perimental diet which was deficient in vitamin D and contained 
Q.007% caleium and 0.450% phosphorus, Calcium and phosphorus 
balances were determined for each animal over 10-day periods for 
220 days. The animals of the control group remained in positive 
calcium and phosphorus balance throughout the period of observation, 
The animals fed the deficient diet exhibited a severely negative cal- 
cium balance and a positive phosphorus balance. 

The humeri and femora and the molar and incisor teeth were 
dissected free of soft tissue, cleaned, dried and rendered fat-free 
by continuous extraction with fat solvents. During the removal 
of the molar teeth from the jaws, it was noted, in the case of ex- 
perimental- rats, that the alveolar bone was soft and friable, the 
alveolar crest resorbed and the teeth loosened. In the control animals: 
the alveolar bone was well calcified, the crest normal and the teeth 
firmly fixed in their sockets. The incisor teeth of both groups ap- 
peared equally developed and formed. The average weight of the 
dry fat-free incisor teeth of the two groups was not significantly 
ditierent. The average pereentage of ash in the left femora was 
not significantly different between the two groups of animals. 

The volume and density of the left humerus of each animal was 
determined, using a specially designed pyenometer and mercury as’ 
the suspension medium. The average volume of the humeri of the 
experimental animals did not-differ from that of the controls but 
the average density of the bones of the former animals was 10.8% 
less than that of the controls. The calcium and phosphorus contents 
of the left humeri, im terms of percent of the dry fat-free weight, 
were not significantly different between the two groups of animals. 
However, the calcium and phosphorus contents of these bones in 
terms of unit volume of bone appeared to be significantly lower in 
the experimental animals than in the animals fed the adequate diet 
(Table D. These results indicate that determinations reported in 
terms of weight percent do not serve to distinguish osteoporitic from 
normal bone, but that the degree of osteoporosis can be described in 
terms of ash weight or mineral content related to unit volume of 
bene. These results also indicate that mineral and organic phases are 

The enamel and dentin of the incisor and molar teeth were sepa- 
rated, using the methed of Manly and Hodge.* Calcium and phos- 
phorus analyses made on the dentin indicated that no mineral had 

i Manly, RS. and Hedge, H.C, J. Dent. Res, 1939, 28, 133. 
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TABLE I. 
Calcium and Phosphorus Contents of Dentin and Humeri of Rats. 
Molar teeth Incisor teeth 
dentin dentin Humeri 
i eS ik, ee ‘a Le ee eN (ae Te | 
Ca 1 Ca 2 Ca ie 
% Go %o % mg/ee mg/ee 
Controls 30.24 13.79 26.35 14.84 301.9 139.5 


(+0.60) (+0.79) (1.08) (40.61) (+37) (+15) 


Experimentals 30.23 13.79 25.51 15.18 250.9 115.6 
(+0.93) (40.33) (+0.84) (+0.27) (417) (+13) 


been lost by the molar teeth of the experimental animals. The com- 
position of the dentin of the incisor teeth, which had been com- 
pletely reformed several times during the period of observation, was 
not significantly different between the two groups of animals, The 
numbers enclosed within parenthesis in Table I are the standard 
deviations of the respective means. 
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Functional Reorganization Following Preganglionectomy. 


WiiuiAM A. GEOHEGAN AND ORLANDO J. Arpar.* (Introduced by 
Joseph C. Hinsey.) 
From the Department of Anatomy, Cornell University Medical College, New York 
City. 


In the human, preganglionic sympathetic outflow affecting the 
hand is usually over the ventral roots of thoracic nerves 2 through 9.* 
Preganglionic denervation of the upper extremity in cases of Ray- 
naud’s disease has been performed frequently by sectioning the 2nd 
and 3rd spinal nerves, and cutting the sympathetic trunk between 
the 3rd and 4th thoracic ganglia, leaving T-1 intact to avoid Hor- 
ner’s syndrome. 

Evidence has been obtained that in fees cases nervous control of 
vasoconstriction often returns within a relatively short time.” This 
return has been ascribed to regeneration of the preganglionic fibers. 


* Rockefeller Foundation Fellow from the Faculdade de Medicina, S. Paulo, 
Brazil. 

1 Ray, B. S., Hinsey, J. C., Hare, Kendrick, and Geohegan, W. A., Trans. Am. 
Neurol. Soc., 1942. 

2 Simmons, H. T., and Sheehan, Donal, Brit. J. Swrg., 1939, 27, 234. 
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In order to obviate or delay regeneration, section of ventral roots has 
been proposed as an alternative operation, 

Ray reports a case in which the ventral roots of T-2 through 
T-9 were sectioned, with subsequent evidence of complete sympa- 
thetic denervation of the hand. Reflex changes in skin resistance 
were abolished, and the skin temperature rose to 32°C as compared 
with 22°C before operation, Within 10 weeks, however, the skin 
resistance reflex had returned, and the skin temperature had fallen 
to 24°C. Novocaine block of the ulnar nerve at this time elevated 
the skin temperature of the 4th and 5th fingers to 29°C. While this 
return of nervous control may conceivably have been due to regen- 
eration, the shortness of the interval suggests that it may have come 
about in some other way. 

A possible explanation is that the intact preganglionic fibers of T-1 
established collaterals within the stellate ganglion and/or middle 
cervical ganglion, to reinnervate postganglionic neurons which had 
been deprived of their normal preganglionic supply. 

In order to investigate the possibility of such a functional reor- 
ganization, an analogous situation was created in cats. In this 
animal the normal outflow to the forepad is in T-4 through T-10, 
with an occasional small contribution from T-3.°* ° 

If, after this normal outflow were partially or entirely interrupted, 
it should be found that preganglionic activity to the forepad had 
developed in T-1 or T-2, or had increased significantly in T-3, it 
would indicate that such a functional reorganization had taken place. 

Methed. In 9 cats, under nembutal anesthesia, laminectomy was 
performed, and 3 to 9 ventral roots were sectioned on one side, 
within the range T-3 through T-11. Skin temperatures on the nor- 
mal and operated sides were followed for 2 to 6 months with the 
Hardy radiometer. At the end of this variable period, the spinal 
cord was exposed by laminectomy under nembutal anesthesia. After 
the dura had been opened, the upper thoracic roots were prepared for 
stimulation by cutting the ventral and dorsal roots close to the cord, 
securing the distal ends with a fine silk ligature, and cutting the dura 
about them so that they might be elevated from adjacent tissues. 
Skin resistance changes were recorded on a 2-channel instrument, 
each channel consisting of a Wheatstone bridge, a direct-current am- 


4 Tower, S. S., and Richter, C. P., dreh. Neurol. and Psychiat., 1931, 26, 485. | 
5 Geohegan, W. A., Wolt, G. A. Jr, Aidar, O. J., Hare, Kendrick, and Hinsey, 
J. C., Am. J. Physiol., 1942, 185, 324. 
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to record from the stimulated side; the other recorded simultaneously 
from the contralateral side to make sure that the stimulus was not 
spreading to the spinal cord, or that stimulation of muscle was not 
causing reflex changes, A further control on stimulus spread was 
obtained by observing the pupils. Any pupillary response other than 
ipsilateral dilatation would have indicated spread of the stimulus. 
The recording electrodes were small zinc plates applied, over a coating 
of Cambridge electrode jelly, to the volar surface of the forefoot. 
The grounded electrode, common to both channels, was fastened to 
the exposed muscles of the back. 

The stimulus was applied to the roots with small bipolar electrodes, 
and was a 60 cycle sine wave at 2 rms volts measured under load. 

This method of stimulation and recording differed in no essential 
respect from that used previously to determine the normal outflow.’ 
To insure that minor changes in technic had not altered results, sev- 
eral experiments were carried out on normal animals, and, in several 
of the operated animals, corresponding roots of the unoperated side 
were stimulated. 

The roots stimulated, as well as those sectioned, were identified 
at autopsy by dissecting the nerves into the intercostal spaces. 

Results. Positive responses from T-1 or T-2 or significantly large 
responses from T-3 were observed in 6 of the 9 animals. These, 
together with typical negative records from the normal side of one 
animal are shown in Fig. 1. In T-1, and to a lesser extent in T-2, 
there is often an abrupt rise and fall in resistance coincident with 
the beginning and end of stimulation. This is probably due to mus- 
cular movement, and may be distinguished readily from the response 
due to preganglionic excitation, as the latter has a Jatent period of 
about 1 second from the start of stimulation, a more gradual rise 
which continues after the stimulus, and a much slower return to the 
base line. The responses shown here have the same form as those 
previously observed in determining the normal outflow.’ 

Discussion and Conclusions. We conclude from these results 
that a functional reorganization does take place. Although we can- 
not be sure that it is due to the actual growth of collaterals, its effect 
is the same as though this were the case. 

Tower and Richter* observed that, following section of the sympa- 
thetic trunk below T-3, nervous control of skin resistance returned 
within a very short time. They suggested that, in some way, roots 
above this level were able to take over this function, formerly 
mediated by the roots below. Our results may offer an explanation 
of their observations, and also, of the fact that preganglionic dener- 
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Skin resistance changes in response to ventral-root stimulation. In each record, 
the stimulated side is on the upper line; the contralateral side on the lower line. 
The short horizontal lines indicate the period of stimulation. Changes are indicated 
as a percentage of the basal resistance. The basal resistance varied from 6,000 to 
12,000 ohms. The top and bottom sets of records are, respectively, responses to 
stimulation of the normal and operated sides of the same animal. 
vation of the lower extremities has been generally more successful 
than that of the upper extremities. 

It is known that return of sympathetic innervation may be brought 
about by actual regeneration of the preganglionic fibers.° Functional 
reorganization must also be considered in planning operations upon 
the sympathetic system. 

Summary. Functional reorganization in the sympathetic nervous 
system following preganglionectomy has been demonstrated, using 
the cat as the experimental animal. Skin resistance change in the 
forepad, in response to, stimulation of the ventral roots, was used 
as an indicator of preganglionic activity. Following interruption of 
preganglionic pathways to the forepad it was found that preganglionic 


6 Hinsey, Joseph C., Phillips, Robert A., and Hare, Kendrick, Proc. Am. Physiol. 
Soe., 1939, 126, 534. 
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pathways develop from roots which normally contribute nothing to 
the forepad. 

This may offer additional explanation for early relapse following 
preganglionic section for Raynaud’s disease in the hands, and for 
the fact that operations for this disease are generally more successful 
in the feet than in the hands. 
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Quantitative Studies on Tumor Production in Mice by 
Benzpyrene. 


RAaymonp G. GorrscHaLKk.% (Introduced by J, Furth. ) 


Brom the Department of Pathology, University of Liége, Belgium.t 


Quantitative studies on the response of animals to benzpyrene do 
not extend to the smallest effective doses; precise data on the effect 
of small amounts of other carcinogens are likewise scarce. 

Brock, Duckrey and Hamperl’ inserted a collodion sac containing 
crystals of 3-4 benzpyrene (500 to 25,000 7) into the peritoneum 
of rats. They estimated that about 1 7 of benzpyrene passed the 
collodion membrane daily; this was sufficient to induce sarcoma in 
the majority of animals, Oberling and M, and P. Guérin’ obtained 
sarcomata in 4 of 35 rats that had received a single subcutaneous 
injection of 100 7 of benzpyrene in olive oil and in 1 of 10 rats in- 
jected with 50 7 of benzpyrene. Shimkin and Andervont’ injected 
male mice of C,H stock with 0.2 cc of tricaprylin containing from 
250 to 2000 7 of benzpyrene. All animals developed tumors after 
injection of 2000 and 1000 7; 19 of 20 and 18 of 20, respectively, 
were positive after injection of 500 y and 250 7. The same amounts 
of benzpyrene were injected into hybrid mice, but the results were 
more irregular, and tumors failed to appear in at least one-third of the 
injected animals, Bryan and Shimkin,* analyzing the values of latent 
period of tumors obtained by the former authors in C,H mice (87 to 

* Graduate Fellow of the Belgian American Educational Foundation, ri 

+ These experiments were performed in the Department of Pathology of the 
University of Liége from November, 1928, to May, 1940. 

1 Brock, N., Duckrey, H., and Hamper), W., Arch. f. exp. Path. u. Pharmakol., 
1928, 189, 709; Arch. f. klin. Chirurg., 1938, 194, 250. 

2 Oberling, Ch., Guérin, M. and P., Bull. Assn. Kr. Etude Canc., 1939, 28, 198. 


4 Shimkin, M. B., and Andervont, H. B., J. Nat. Cane. Inat., 1940, 1, 57. 
4 Bryan, W. R., and Shimkin, M. B., J. Nat. Canc. Inst., 1941, 1, 807. 
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108 days), found a straight line relationship between average latent 
period and the logarithm of the injected dose, excluding the 2000 y 
benzpyrene values, as no further enhancement of activity was 
obtained above 1000 y. This relationship was confirmed by reliable 
data published by other investigators” °® on the latent period of 
tumors induced by 1-2-5-6 dibenzanthracene. Smaller amounts of 
this carcinogen have also been tested. Two of 167 mice injected by 
Dobrovolskaia-Zavadskaia® with 2.5 y of dibenzanthracene de- 
veloped sarcomata; whereas 1.25 y failed to induce tumors in 158 
mice. Lettinga® obtained tumors in 4 of 20 mice after subcutaneous 
injection of 12.5 y of dibenzanthracene (divided into 5 injections), 
but failed in 20 mice after injection of 5 y. Shear” * produced a sar- 
coma in 1 of 18 strain A mice 13 months after subcutaneous insertion 
of a 0.001% dibenzanthracene-cholesterol pellet containing 0.4 y 
of the carcinogen, but failed in 15 and 18 mice with 0.1% and 
0.01% pellets. The minimum concentrations of the carcinogen in 
the cholesterol pellets with which Shear and Ilfeld’® produced sar- 
comata in strain D mice were 1% of dibenzanthracene and of methyl- 
cholanthrene (70 to 600 7) and 5% of benzpyrene (350 to 3000 7). 
Oberling, Sannié and P. and M. Guérin*® obtained local sarcomata in 
rats after intracerebral application of 1 drop of 1:1000 methyl- 
cholanthrene solution in oil. 

Experimental. The mice used were of an albino stock kept at the 
University of Liége. Eight groups of 20 mice received a single 
injection under the skin of the abdomen of 3-4 benzpyrene? dissolved 
in 0.5 cc of neutral olive oil. The dose per mouse in each group 
varied by geometric progression, as shown in Table I, from 4 x 10° 
to4x10° y. The oil alone produced no tumors on repeated injec- 
tion into 15 mice. 

Table I indicates that 4 y are the smallest amount of benzpyrene 
which produced a tumor when administered in a single dose sub- 
cutaneously in 0.5 cc of olive oil. Four-tenths y and .04 y failed 
to produce sarcomata at the site of injection. The two carcinomata 
of the breast observed were probably spontaneous. The percent of 
tumors obtained was larger when larger amounts of the chemical 


5 Dobroyolskaia-Zavadskaia, N., C. R. Soc. Biol., 1938, 129, 1055. 

6 Lettinga, T. W., De Carcinogene Werking van kleine Doses 1-2-5-6 Dibenzan- 
thraceen, Academisch Proefschrift, Amsterdam; Van Gorcum and Co., Assen, 1937. 

7 Shear, M. J., Am. J. Canc., 1936, 26, 322. 

8 Shear, M. J., and Lorenz, E., Am. J. Canc., 1939, 36, 201. 

9 Shear, M. J., and Ifeld, F. W., Am. J. Path., 1940, 16, 287. : 

10 Oberling, Ch., Sannié, Ch., Guérin, P. and M., C. RB. Soc. Biol., 1939, 131, 455. 
+ Obtained from Meurice, Union Chimique Belge. 
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TABLE I. 
Results of Subcutaneous Injection of Diminishing Amounts of Benzpyrene. 


Ayg survival 


tumor- 
Avg latent bearing 
Amtiny No.of mice* No.of tumorst % tumors _ period (days) mice ccay s)t 

4000 9 6 66.6 112 ~ 130 
1265 10 7 70 122 154 
400 5 1 20 145 178 
126.5 12 8 66.6 155 199 
40 5 1 20 122 215 
4. 9 i ig ie 187 260 

0.4 15 0 (2$) (226) (255) 

0.04 9 0 (1$) (245) (294) 


* Alive at the appearance of the first tumor. A large number died early because 
of fighting; some were killed for histological examination. 

tSarcomata, occasionally with epithelioma. 

The mice were allowed to die. Ten mice were killed when bearing large tumors, 
Three had been injected with 4000 y, 8 with 1265 y, 1 with 126.5 y, 1 with 
40 y, 1 with 4 y and 1 with 0.04 y. In calculating the average length of survival, 
the day of Saath of these Rateante was considered to be the tenth day after they 
had been killed. 

§Adenocarcinoma of breast. 
were injected. A discordant value (400 y group) can be explained by 
the small number of animals used ; moreover, the mice were not of an 
inbred stock. On the whole, these data confirm and extend those of 
Shimkin and Andervont.* 

There is a definite trend toward lengthening of the latent period 
with the decrease of the amount injected. The values obtained be- 
tween 126.5 and 4000 y fit a linear relation between the average 
latent period and the logarithm of injected dose, and the slope is 
similar to that derived from the values of Shimkin and Andervont.* * 
Whether this relation applies also to doses of benzpyrene below 
126.5 y cannot be stated because of the small number of tumors 
produced. 

The tumors were regularly preceded by induration around the oil 
cyst, but carcinogenesis did not always follow the induration, Mi- 
croscopically, areas of fibrosis and chronic inflammation surrounded 
the oil cyst. In a few cases small groups of seemingly malignant 
cells were seen about the oil cyst; these animals were Soren as 
negative, as the onset of a tumor was dated arbitrarily from the 
appearance of a nodule measuring approximately 1 mm across. 

The average survival time of tumor-bearing mice is shortened in a 
linear relation with the logarithm of the injected dose. Shimkin™ 
has already shown that the mortality curve parallels the curve of ap- 
pearance of tumors, despite the unpredictable rate of tumor growth. 

In order to study the réle of volume in carcinogenesis, a constant 


11 Shimkin, M. a7 ‘J. Nat. Cane. Inst., 1941, - 761, 
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TABLE II. 
Results of Injection of 400 y of Benzpyrene in Varying Amounts of Oil. 
Avg latent 

Vol. oil (ee) No. inj. mice No. of tumors* period (days) 
1 20 8 154 
0.5 20 10 107 
0.25 20 9 103 
0.125 20 11 144 
0.0625 20 4 128 
0.03 20 5) 133 
0.015t 20 2 150 
Total 1400 49 128 


*Sarcomata—Results read on the 204th day. 

+Soluble at 40°C. 
amount of benzpyrene (400 y) was dissolved in olive oil varying in 
amount from .015 cc to 1 cc and injected in groups of 20 mice each. 

When the solvent was .125 ce or more, at least 40% of tumors 
were produced. When the solvent was .0625 cc or less, the percent 
of tumors produced was below 25. The corresponding average 
latent periods were, however, without relation to the volume injected. 
These data may perhaps be explained by assuming that if a concen- 
trated solution is injected, a relatively smaller number of cells is 
exposed to the irritant, or that the carcinogen is more quickly elim- 
inated, or that the tissue derangement, which is believed to favor 
initiation of tumor growth, is less.*° ; 

The relationship between the injected oil and tumor or inflam- 
matory reaction was studied systematically. The autopsies were 
performed under ultraviolet light, using a mercury lamp with 
Wood’s filter. After shaving the skin, the presence of a very strong 
fluorescence often enabled the localization of an oil cyst beneath the 
skin, and minute amounts of fluorescent material could be identified 
in the tissues. This procedure guided the selection of areas for 
microscopic study. In mice injected with 4 y or less fluorescence 
was not sufficient for the localization of the carcinogen. 

In order to study the rate of absorption of the carcinogenic oil, 
the oil cysts were punctured with a thin needle and washed from 3 
to 5 times with spectrographically pure petroleum ether until the 
fluorescence disappeared, but traces of fluorescent product could 
sometimes not be washed out of the wall of the cyst. The oil and 
petroleum ether mixture was evaporated in a vacuum and in the dark 
to a constant weight. The samples were kept in the ice box and in 
the dark to avoid disappearance of the fluorescence and of the ab- 


12 Dunning, W. F., Curtis, M. R., and Wood, F. C., Am. J. Cane., 1940, 39, 70. 
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sorption spectrum characteristic of benzpyrene. The uninjected 
solutions of benzpyrene in oil were not as labile. The material dis- 
solved in petroleum ether was tested by absorption-spectrography 
under variable thickness (25 ce cups). The technic used allowed 
a rapid determination of amounts of 3-4 benzpyrene above 1 y; the 
precision was about +5%. The amount of 3-4 benzpyrene identified 
was lower than expected from the weight of the remaining oil. The 
results also show that the rate of resorption of the oil was irregular 
and without relation to the amount of benzpyrene injected or to the 
appearance of a tumor. ‘These experiments will be more fully de- 
scribed when the data are obtainable from Belgium. 

Thus, despite the variability of local factors, such as the encapsula- 
tion and the rate of resorption of the carcinogenic oil, despite the 
irregular rate of growth of the neoplastic elements, definite relation- 


ships can be found between the amount of carcinogen used and the 


number of induced tumors, their latent period, or the average sur- 
vival of tumor-bearing mice. 

Summary. Amounts of benzpyrene ranging between .04 y and 
4 mg dissolved in 0.5 cc of olive oil were injected subcutaneously into 
mice. The smallest amount producing a sarcoma was 4 y. The data 
suggest a linear relationship between the logarithm of the injected 
dose and the average latent period of tumors, as found by Bryan 
and Shimkin. A similar relationship was found between dose and 
average length of survival of the tumor-bearing animals. When 
dissolved in .125 to 1 cc of oil, 400 y of benzpyrene produced tumors 
in 40% or more of the mice. When dissolved in from .0625 to 
O15 cc of oil, the incidence of tumor production was 25% or less. 
No relationship was found between average latent period and volume 
of injection. A technic is described for the study of the rate of re- 
sorption of benzpyrene and oil. 

I am indebted to Dr. Jean Firket, Department of Pathology, University of 
Liége, for his kind advice; to the late Mr. Victor Henri and to Mr. Michel Herquet, 


Department of Physical Chemistry, University of Liége, for their coéperation in 
the spectrographical analyses. 
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Yeast-Growth-Promoting Effect of Diaminocarboxylic Acid 
Derived from Biotin.* 


VINCENT pU VIGNEAUD, KARL DirrMErR, KLAus HOFMANN AND 
Donavp B. MELVILLE, 


From the Department of Biochemistry, Cornell University Medical College, New 
York City. 


In a previous report in which it was shown that biotin is a cyclic 
urea derivative, the question was raised whether the urea structure 
is of significance in the affinity of biotin for avidin. Some evidence 
in favor of this possibility is afforded by the results we have obtained 
in a study of the yeast-growth-stimulating activity, both in the pres- 
ence and absence of avidin, of the diaminocarboxylic acid derived 
from biotin. In the formation of the diaminocarboxylic acid the 
urea ring of biotin is hydrolyzed with strong Ba(OH).. Under 
these conditions the rest of the molecule remains intact as demon- 
strated by the fact that treatment of the diaminocarboxylic acid with 
phosgene yields biotin identical with the original starting material.’ 

The yeast-growth-stimulating activity of the diaminocarboxylic 
acid sulfate prepared as previously described* was determined by the 
assay method described by Snell, Eakin and Williams* with minor 
modifications. On a molecular basis the carefully purified diamino- 
carboxylic acid sulfate was found to have approximately 10% of 
the activity of biotin. The activities of the two compounds were 
compared at the levels which produced half-maximum growth. Re- 
peated recrystallization of the diaminocarboxylic acid sulfate did not 
change its activity. 

The activity of the diaminocarboxylic acid may be due either to an 
intrinsic activity of the molecule or to the conversion of the com- 
pound to biotin within the yeast cell. Since the full yeast-growth 
activity and optical rotation of biotin can be restored by again form- 
ing the urea ring by treatment of the diaminocarboxylic acid with 
phosgene, the lower yeast-growth activity of the diaminocarboxylic 


* The authors wish to express their appreciation to the S.M.A. Corporation for 
a research grant which has aided greatly in this work. 

1 Melville, D. B., Hofmann, K., and du Vigneaud, V., Science, 1941, 94, 308. 

2 Hofmann, K., Melville, D. B., and du Vigneaud, V., J. Biol. Chem., 1941, 
141, 207. 

3 Snell, E. E., Eakin, R. E., and Williams, R. J., J. Am. Chem. Soc., 1940, 
62, 175. 
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acid is not due to racemization in the preparation of this compound, 
but must be due to the absence of the urea ring. This strongly sug- 
gests the importance of the urea ring to the high degree of growth- 
stimulating activity possessed by biotin. 

Although avidin can completely inhibit the activity of biotin, it 
was found that it does not affect the activity of the diaminocarboxylic 
acid. The purified avidin was prepared by the method of Eakin, 
Snell and Williams.* 0.35 y of our avidin concentrate was required to 
completely inhibit the amount of biotin, 7 x 10% y, which produced 
half-maximum, growth of the yeast culture. The same amount of 
avidin had no effect on the activity of the diaminocarboxylic acid. 
Increasing amounts up to 100 y of our avidin preparation did not 
affect the growth-stimulating properties of the diaminocarboxylic 
acid. 

The lack of inhibition of the diaminocarboxylic acid by avidin 
demonstrates that the activity of the diaminocarboxylic acid could not 
be due to the presence of any unchanged biotin. These results lead 
to the inference that the urea ring is vital for the effect of avidin 
on biotin; for under the same conditions, as soon as the urea ring is 
opened, avidin does not affect the growth-stimulating property of the 
new compound. If for its yeast-growth-stimulating action the 
diaminocarboxylic acid is converted to biotin, this conversion evi- 
dently takes place within the cell where the avidin cannot counteract 
the biotin as it is formed. 

Summary. The diaminocarboxylic acid resulting from the hy- 
drolysis of the urea ring of biotin is capable of stimulating the growth 
of yeast in a hiotin-free medium. The compound possesses about 10% 
of the activity of biotin. The yeast-growth-promoting activity of 
the diaminocarboxylic acid is not inhibited by avidin. 


The authors wish to express their appreciation to Miss Eleanor Hague and 
Miss Jean Steigerwalt of this laboratory for carrying out the assays. 


4 Hakin, R. H., Snell, BE. E., and Williams, R. J., J. Biol. Chem., 1941, 140, 535. 
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Evaluation of Germicides with Relation to Tissue Toxicity. 


Marvin M. HirscH* anp MILAn V. Novak. 
From the Department of Bacteriology and Public Health, University of Illinois. 


The consensus of opinion of investigators and clinicians is that 
tissue toxicity of germicides should be evaluated as well as their ger- 
micidal power. Tissue culture,~* manometric,” ° and phagocytosis 
inhibition” * ° studies have been made. The skin and blood, the 
primary barriers to infection, are tissues most affected by the use 
of germicides. From a clinical standpoint, therefore, the criterion 
of tissue toxicity should be based on the destruction of these two 
tissues. Nye,’ Welch and Hunter,* and Welch and Brewer? tested 
germicides, using inhibition of phagocytosis as the criterion of 
toxicity. 

The present study was concerned with an attempt to standardize 
certain factors in the phagocytosis inhibition technic with regard to 
time relationships and the quality and quantity of organic matter 
entering into the reaction. A test.organism was used which needed 
no artificial opsonization and was comparatively resistant to the action 
of germicides in general. An attempt was also made to establish 
the relative sensitivity of skin and blood to the destructive effects 
of germicides. 

The so-called Toxicity Index has been described as toxicity end 
point/germicidal end point.*® This same ratio was used in the 
present study. The toxicity end point was the dilution of antisep- 
tic completely inhibiting phagocytosis. The germicidal end point 
was the dilution completely killing the test organism in the presence 


of blood. 


* Portion of thesis submitted in partial fulfillment of the requirements for the 
degree Master of Science in the Graduate School of the University of Illinois. 

1 Lambert, R. A., and Meyer, J. R., Proc. Soc. Exp. Bron. anp MeEp., 1926, 
23, 429. 

2German, W. M., Arch. Surg., 1928, 18, 1920. 

3 Buchsbaum, R., and Bloom, W., Proc. Soc. Exp. Biron. AND Merp., 1931, 
28, 1060. 

4 Salle, A. I., McOmie, W. A., Schechmeister, I. L., and Foord, D. C., Proc. 
Soc. Exp. Bron. anD Mep., 1938, 37, 694. 

5 Bronfenbrenner, J., Hershey, A. D., and Doubly, J. A., J. Bact., 1939, 37, 583. 

6 Ely, J. D., J. Bact., 1939, 38, 391. 

7 Nye, R. N., J. A. M. A., 1937, 108, 280. 

8 Welch, H., and Hunter, A. C., Am. J. Pub. Health, 1940, 30, 129. 

9 Welch, H., and Brewer, ©. M., J. Immumnol., 1942, 43, 25. 
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The toxicity end point was determined as follows: Four-tenths 
ml of decreasing concentrations of the germicide (diluted with 
0.85% NaCl) was placed into a series of 1 x 10 cm test tubes in a 
water bath at 37°C. Four-tenths ml fresh human whole blood, con- 
taining 0.25,% sodium citrate, was added and the final dilution of 
the germicide was calculated. After 30 minutes’ incubation at 37°C, 
during which time the tubes were frequently shaken, 0.2 ml of a 
standardized suspension of the test organism was added. The bac- 
terial suspension consisted of 240-270 million organisms per ml in 
0.85% NaCl, from a washed 24-hour nutrient agar culture of a 
phagocytable strain of Staphylococcus albus, isolated from the air 
and found to ferment mannitol but not to coagulate plasma. After 
addition of the bacteria, the contents of the tubes were mixed at 
37°C in a device which simultaneously rotated the tubes and tipped 
them end to end for a period of 5-10 minutes in order to assure 
intimate contact between leukocytes and bacteria. A smear from 
each tube was stained with Wright’s stain. After examination of 
25 polymorphonuclear leukocytes, the slide, representing the highest 
dilution of the germicide, which shows an average of less than one 
engulfed bacterium per cell was considered as the toxicity end point. 
Controls with 0.85% NaCl in place of the germicide were used to 
show complete phagocytosis under the test conditions. 

The germicidal end point was determined by placing 0.4 ml of de- 
creasing concentrations of the germicide in a series of 1x10 cm 
sterile test tubes at 37°C to which were added 0.4 ml of citrated 
human blood (old enough to contain no living leukocytes ) and 0.2 ml 
of the bacterial suspension as described above. The final dilution of 
the germicide was noted. After 30 minutes’ incubation at 37°C, 
one 4mm loopful from each tube was transferred to broth. A second 
transfer of four 4 mm loopfuls was made to avoid bacteriostatic 
effects. The transfers were incubated at 37°C for 48 hours. The 
highest dilution. of the germicide showing no growth was taken as 
the germicidal end point. Positive controls using bacteria and blood, 
and sterile controls consisting of blood and saline were used. 

The results are summarized in Table I. A toxicity index of less 
than one indicates a germicide, whose lowest germicidal concentration 
is non-toxic. On the other hand a value of more than one indicates 
relative increased toxicity of the chemical to phagocytosis. Four 
compounds (in aqueous solution only) display toxicity indices of 
less than one, with efficiency ranges as follows: mercuric chloride, 
1 :1030-1 :1730; N-N’-dichloroazocarbonamide, 1:3000-1:5000; al- 
kyl-dimethyl-benzyl-ammonium chloride, 1 :3370-1:3970; and 4 ni- 
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TABLE 1, 


Order of Efficiency of 24 Germicides as Measured by the Toxicity Index. 
Aus Ge ua 
1. Mercurie chloride 1:1030 1:1730 0.59 
2, N.-N1-dichloroazocarbonamide 1:3000 1:5000 0.60 
3. Alkyl-dimethyl-benzyl-ammonium chloride ‘ 
(aqueous ) 1:3370 1:3970 0.85 
4 4-nitro-5-hydroxymereuri-o-eresol (aqueous) 171330 1:1400 0.95 
5. Phenyl mercuric nitrate T2500" Sy ela 00 Mle 
6. 2-furylmercurie hydroxide (aqueous) OOO te le O02 Na sleee 
7. 2-furylmereuric hydroxide (tincture) 1:8000 1:5000 1.6 
8. Phenol 1:100 1:63 1.6 
9. Iodine (aqueous) 1:200 1:120 ASH 
10. 4-nitro-5-hydroxymercuri-o-cresol (tincture) 1:3400 1:1570 2.2 
11. Iodine (tincture) 1:470 1:180 2.6 
12, Alkyl-dimethyl-benzyl-ammonium chloride 
(tincture ) 1:19,000 1:7000 2.7 
13. 1,3 hydroxy-4-hexylbenzene 1:4000 1:1400*. 2.8 
14. Tine. ecresol and mercuric chloride Ide 1:4 3.0 
15. Tri-cresol 1:800 1:200 4.0 
16. 50% aleohol—10% acetone Mealy 133.3 4.0 
17. Alcohol 95% Ib SRET/ LSE 
Av. 5.2 
18. Alcohol 70% 1:27 aed 
19. Sodium-ethyl-merecurithiosalyeilate (tincture) 1:17,700 1:2300 eos 
20. Disodium 2,7 dibromo-4-hydroximereuri- 
fleuroescein (aqueous) : 1:630 1:55* 11.5 
21. Disodium 2,7, dibromo-4-hydroximercuri- 
fleuroescein (tincture) ; 1:5300 1:430 12.5 
22, Sodium-ethyl-mercurithiosalycilate (aqueous) 1:1470 1:100 14.7 
23. Sodium hypochlorite 1:20 algal; 20 
24. Tincture Green Soap 1:1830 12} 900 


*An excess of germicide in original concentration was required to obtain these 
et Toxic End Point. Highest dilution completely inhibiting phagocytosis. 

G = Germicidal End Point. Highest dilution completely sterilizing infected 
ete, = Nomety index = T/G: 
tro-5-hydroxymercuri-o-cresol, 1:1330-1:1400. The efficiency range 
is regarded as the limits of concentration within which a germicide, 
under the conditions of the test, will completely destroy bacteria but 
will not destroy tissue. A substance with a toxicity index greater 
than one has no such efficiency range. 

Further perusal of Table I indicates that the chlorine compounds 
rate the highest while the organic mercurials rate among the poorest, 
although this is not a strict rule. The phenolic compounds hold a 
more or less intermediate position. 

No tincture preparation shows a toxicity index of less than one 
in this study. This would seem to indicate that the solvent itself is 
more toxic to phagocytosis than to bacteria. This is borne out by 
the results for the common tincture solvents, 50% alcohol-10% 
acetone and 70% alcohol. 

Guinea pigs were used to determine the relative sensitivity of skin 
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and blood to the action of germicides. Areas of 1 sq cm on the 
shaved skin were scarified. The various germicides were applied 
constantly (to prevent evaporation) to cotton compresses on the 
scarified areas. Saline solution was used on control areas. Intra- 
peritoneal injections of 1 ml of 15% urethane per 100 g of body 
weight were used to keep the animals under constant anesthesia. 
Results show that of all germicides tested the highest dilution, 
previously found to completely inhibit phagocytosis, manifested no 
toxic reaction to scarified skin for equal periods of exposure. 

Discussion. A method standardizing certain factors in the phago- 
cytosis inhibition technic of rating germicides is proposed. In pre- 
vious studies ° the germicidal power was measured by incubating 
a mixture of germicide, blood, and bacteria for 30 minutes. The 
same principle was applied in the present study. The toxic power in 
the previous studies was determined by 30 minutes’ incubation of a 
mixture of germicide, fresh blood, and opsonized bacteria. This 
in reality measured the instantaneous inhibition of phagocytosis. 
The present study, however, measured toxicity by first incubating 
the germicides and fresh blood for 30 minutes and then adding the 
bacteria. This standardized the time relationships of the toxicity 
and germicidal tests. 

The previous studies made use of an artificially opsonized saline 
suspension of the antigen for the toxicity tests and a broth-culture 
suspension for the germicidal tests. In the present study the test 
organism, which need not be artificially opsonized, was used in saline 
suspension for both the toxicity and the germicidal tests. This 
standardized the amount of organic matter entering into the reaction. 

Summary. Application of the technic described, considering tissue 
toxicity as well as germicidal power, indicates that in general the 
chlorine compounds rate the highest, phenolic compounds next, and 
organic mercurials rate the lowest as efficient germicides. This cor- 
roborates certain previous studies.**° Tincture preparations in 
general are not ideal germicides since the solvents are more toxic 
to phagocytosis than to bacteria. 

The toxicity and germicidal end points found in this study indicate 
that a large number of germicides in general use are too concen- 
trated. Germicides should be utilized in concentrations which are 
germicidal but non-toxic to tissue. The efficiency range is defined. 

Of the natural barriers to infection, 7. ¢., skin and blood, the blood 
is more sensitive to the destructive action of germicides. Therefore 
the phagocytosis inhibition technic may be regarded as a valuable aid 
in the evaluation of germicides for clinical use. 
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SECRETARY’S REPORT 
April 1, 1941-April 1, 1942 


The annual meetings df the Council, the Board of Editors, the Member- 
ship Committee and the Section Secretaries were held in Boston April 2 
and 3, 1942. 


Editorial Matters. To further raise the standards of the Procerpines 
the. Council voted progressively to eliminate “trivial” manuscripts. In the 
rare instances of multiple publication, the author is to be notified at the first 
offense, and at the second informed that no further manuscripts will be 
accepted from him. 


When a manuscript is received, the author-member or sponsor is im- 
mediately notified. When a group of manuscripts is received from a Section 
Secretary, acknowledgment is sent to the Secretary. Absence of such 
acknowledgment means manuscript has been lost in transmission. 


There were several violations of our copyright. To reduce this type of 
misunderstanding, a notice of copyright is printed on each reprint. 


In conformity with the policy of rotation of editors after five years’ 
service, Doctors Danforth, Hooker and Ivy retire. Dr. Wilson asked to be 
relieved. The Society is greatly indebted to these editors for extremely 
conscientious and excellent service. The following editors were elected: 
Doctor F. D. W. Lukens, Philadelphia; Dr. J. Bronfenbrenner, St. Louis; 
Dr. M. B. Visscher, Minneapolis, and Dr. C. L. A. Schmidt, San Francisco. 


Beginning October 1942, the Proceedings will be printed in two columns a 
page. Authors are therefore requested to prepare tables and illustrations 
to be printed in, or across, two columns, and to indicate which format is 
preferred. 


To avoid delay members are requested to note the changes in “Instrue- 


- tions to Authors” on cover of ProcreprnGs beginning next October. 


Finances. With the many inealeulable factors arising out of the war 
crisis, it is pleasant to report a surplus/for the fiscal year of $3167. Though 
the crisis continues, and budget making extremely difficult, the Council 
deemed it wise to make the following changes: 


1. Reduce annual membership dues for the coming fiscal year from 
$4.50 to $4.00. 


2. Reduce charge for excess space from 50% to 40% of cost. 


3. Reduce charge for illustrations and tables from 50% to 40% 
of cost. 
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4. Members in war zones, who are in arrears for dues, may have 
these arrears cancelled for the years September 1940 to September 1942. 


5. Libraries in war zones that have discontinued their subscriptions 
may receive the ProceEprnGs, or have them held here for shipment, for 
the next fiscal year, without payment. The number of such subseriptions 
shall not exceed ten. 


Membership. For reasons given in the preyious report of the Secretary, 
applications for membership should be received by December 15. One 
hundred and eleven applications were approved, also 18 applications from 
South America. Fifteen applications were referred to the Membership Com- 
mittee for reconsideration. Twelve applications were deferred pending further 
publication in experimental biology or medicine. Fourteen applications were 
received too late for adequate consideration. The Council reiterated its 
policy that applicants to active membership shall not be elected by each 
Section but only by the Council upon recommendation of the National Mem- 
bership Committee. 


The following were elected emeritus members: R. H. Chittenden, F. 
Ramaley, E. G. Hastings, H. A. McGuigan, A. F. Coca, and J. C. Torrey. 


The following resignations were accepted with regret: Doctors K. S. 
Bishop, N. F. Blau, S. Bliss, A’ Chace, M. Cohen, H. C. Cole, M. Collett, 
H. A. Davenport, R. Goldschmidt, H. Heft, F. M. Huntoon, V. C. Jacobson, 
G. H. Maughan, G. L. Muller, H. E. Pearse, L. B. Pett, L. B. Richards, KE. L. 
Scott, W. J. Scott, E. B. Sundstroem, J. P. Visscher. 


Delays or misunderstandings. 1. Applications for membership should be 
in the General Secretary’s office by December 15, should include full titles 
of each publication, have three endorsements, be approved by Section Mem- 
bership Committee. 2. Applications from workers south of the United 
States may be endorsed by members in the United States, may be approved 
by Section Committee, or by the special committee, viz., Doctors Fulton, 
Gasser, Lambert and Leake. 


Delays in publication have been due principally to (a) absence of letter 
from sponsor, (b) no statement whether manuscript is preliminary or com- 
plete, (3) hasty preparation of manuseript, (4) received too late for eur- 
rent number, (5) tables contain no legend, symbols not understandable, 
or not arranged to be printed vertically on page. 


Acknowledgments. The Society is greatly indebted for continued and 
excellent service to 


Dr. Emil Baumann (member) for painstaking and most excellent 
indices of the PROCEEDINGS. 


Mr. H. G. Friedman (non-member) for ever watchful and expert 
advice on investments of the Society. 


Mr. Leon Leighton (non-member) for continued advice on the legal 
phases connected with mortgage investments of the Society. 
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Date President 
1903-04 S. J. Meltzer 
1904-05 S. J. Meltzer 
1905-06 E. B. Wilson 
1906-07 S. Flexner 
1907-08 S. Flexner 
1908-09 F. S. Lee 
1909-10 FE; S)) Lee 
1910-11 T. H. Morgan 
1911-12 T. H. Morgan 
1912-13 J. Ewing 
1913-14 J. Ewing 
1914-15 G. Lusk 
1915-16 G. Lusk 
1916-17 J. Loeb 
1917-19 W. J. Gies, 
1919-21 G. N. Calkins 
1921-23 G. B. Wallace 
1923-24 H. C. Jackson 
1924-25 H. C. Jackson 
1925-27 J. W. Jobling 
1927-29 S. R. Benedict 
1929-30 P. Rous 
1930-31 P. Rous 
1931-32 D. J. Edwards 
1932-34 A. R. Dochez 
1934-36 E. L. Opie 
1936-37 P. E. Smith 
1937-39 H. S. Gasser 
1939-40 J. T. Wearn 
1940-41 J. T. Wearn 
1941-42 V 


Past OFFICERS 


Vice-President 
W.. H. Park 

J. Ewing 

E. K. Dunham 
E.-K. Dunham 
T. H. Morgan 
T. H. Morgan 
W. J. Gies 

W. J. Gies 

P. A. Levene 
P. A. Levene 
C. W. Field 
W. J. Gies 

G. N. Calkins 
she Gies 
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SECTIONAL MEETINGS AND MEMBERSHIP 


Chairman: J. A. Toomey. 


Cleveland, Ohio 
Secretary : 


H. D. Green. 


Meetings: Western Reserve University, November 14, 1941 
December 12, 1941 
January 9, 1942 
February 13, 1942 
March 13, 1942 
April 10, 1942 


Chairman: D. B. Jones. 


Secretary 


District of Columbia 
: H. M. Dyer. 


Meetings: Georgetown University, December 4, 1941 
February 15, 1942 
George Washington University, April 29, 1942 


Chairman: G. E. Wakerlin. 


Illinois 


Secretary: L. V. Domm. 


Meetings: University of Chicago, October 21, 1941 
December 9, 1941 
January 20, 1942 
March 3, 1942 


May 19, 1942 


Members: 


Members: 44. 


59. 


Members: 141. 
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Iowa 
Chairman: T. L. Jahn. Secretary: C. A. Winter. Members: 38. 
Meetings: State University of Iowa, November 19, 1941 
February 17, 1942 
April 28, 1942 
May 20, 1942 


Minnesota 
Chairman: F. H. Scott. Secretary: F. H. Seott. Members: 54. 
Meetings: University of Minnesota, November 19, 1941 
January 21, 1942 
February 18, 1942 
March 18, 1942 
May 20, 1942 


Missouri 
Chairman: A. 8. Gilson, Jr. Secretary: L. R. Jones. Members: 55. 
Meetings: St. Louis University Medical School, December 10, 1941 
Washington University Medical School, March 11, 1942 
St. Louis University Medical School, May 13, 1942 


New York 
Chairman: M. Heidelberger. Secretary: J. A. Shannon. Members: 472. 
Meetings: Cornell Medical College, November 12, 1941 
New York University Medical College, February 25, 1942 
New York Academy of Medicine, May 13, 1942 


Pacific Coast 
Chairman: C. A. Kofoid. Seeretary: C. Weiss. Members: 104. 
Meetings: University of California, October 4, 1941 
Stanford University, December 3, 1941 
University of California, February 4, 1942 
Mount Zion Hospital, March 4, 1942 
Stanford University, May 2, 1942 


Peiping, China 
Chairman: A. B. Fortuyn. Secretary: F. T. Chu. Members: 30. 


Rocky Mountaum 
Chairman: H. S. Wilgus, Jr. Secretary: H. J. Clausen. Members: 20. 
Meetings: University of Utah, November 1, 1941 
University of Colorado, February 21, 1942 
Colorado State College, May 13, 1942 


Southern 
Chairman: W. A. Sodeman. Secretary: K. L. Burdon. Members: 46. 
Meetings: Tulane University, November 28, 1941 
Louisiana State University, May 22, 1942 
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Southern California 
Chairman: M.S. Dunn. Secretary: C. A. G. Wiersma. Members: 46. 
Meetings: University of Southern California, October 23, 1941 
California Institute of Technology, January 14, 1942 
Los Angeles Co. Med. Ass’n, March 17, 1942 
University of California, Los Angeles, May 21, 1942 


Western New York 
Chairman: E. F. Adolph. Secretary: H. C. Hodge. Members: 64. 
Meetings: Clifton Springs Sanitarinm, October 18, 1941 
University of Buffalo, December 13, 1941 
University of Rochester, February 14, 1942 


Wisconsin 
Chairman: R. M. Meyer. Seeretary: H. P. Ruseh. Members: 43. 
Meetings: University of Wisconsin, December 9, 1941 
May 11, 1942 


MEMBERSHIP 
SUES Ps, MOLE ST AE ee 1549 
SOLS STE TLL TDS 3) GENE A Rae oe ee a 106 
CINE a cia: Ale le eto a 1655 
CVG SEF AUMNOING 95 58S ae See toe A 7 
(AUROATS, | 2.2. .-.-.--- ssosahiene ee ee ee 2 6 
Deaths: -.....: Lae chase ah ete a, 2 an 17 
— 30 
HosumeNrermpersiip,. March Si, 1942: io. aecsccbestctech nc cececcessctesence 1625 
Membership: 1932 1942 
1138 1625 


Se SGT PO TU YalS 5 YEN 0) ogi Dn 2 620 


DEATHS OF MEMBERS 


The Council records with regret the deaths of the following members: 


‘W. J. Atwell, K. Blackfan, M. Bodansky, A. J. Clark, C. L. Connor, 


C. W. Edmunds, J. HE. Guberlet, L. Kast, J. E. Kemp, M. Kriss, F. B. 
Mallory, E. Megrail, H. B. Meigs, E. S. Miller, E. Pribram, C. J. Stucky, 
S. Weiss. 
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Balaneé: on hand, April ind: Qae eee eee eee ct crear eee ree $ 6,320.99 
Income 

ISNT ne oe ee RE OUP Sea AE EL Oe ae pee $ 7,065.29 

152) ay Uh Tt ieee Rte meen Rees tage ee meee Cie Re a et 3,643.36 

S PAGO. 2.0. iti ccs chaaedcmentun nc Rea eat eb ne ieee 2,723.68 

UES ee cen cc da es ie Ree ne ec 705.74 

(WON POS ccc boss on eeccit ceca Rte eater cae ee ee SRE 65.53 


Subseriptions 


Back No. 


$20,503.52 
Hndowment Fund Temporarily in Corn Exchange 
BB silk "she hei 5, ate Cems ae Me 749.29 
Total Cash Available, April 1, 1941-42... $27,573.80 
Disbursements 
| rai aib MDA Keane eee eee ena MESS ROTM MNES Sun 8 | oper IRD ct $ 9,486.25 
Fe PINS ec! . 0a ee Se ee Oe ee 3,449.61 
Cts ee haa cotisere Slee er a eee 789,38 
———— $13,725.24 
Office Supplies, Telephone and Postage................. 1,166.97 
STU) aa atneale Nose tee Cu Me CaN ate ANN, EAPC opus eat SEE" fA 2,205.00 
Storage and winsumance 2.0. cloe Ao eee eee 43.00 
Miscellameousy txctccxce cutee cake teeter she ee ees ee 195.44 


$ 3,610.41 


$17,335.65 
Transter of Endowment Fund from Corn Ex- 
elane 6, er kpee et Se 2 ee nek eee s nae exes ese 515.20 
$17,850.85 
Cash) Balances aAvoriled, ClO). 56 ahve eae cree reer neater 9,722.95 
$27,573.80 
Iricomie ; (M6b), see hee ee ee te $20,503.52 
Dishursementsy (Neh )\ heeee eet ccste eed teens Oe Rey 17,335.65 
SiH 0) (hs geeeeR ee mA oer hae Renee eee wen A ee ee a $ 3,167.87 


Accounts receivable—$1,056.91 
Accounts payable None 
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’ Funps 
Endowment Fund 
oe) 1s EE SU Fe et ee $18,413.52 
UCU REPS dh 1s (oy el (ete LA 722.05 
———— 19,135.57 
4 Invested in 
P . New York Title and Mortgage Co.......200.2--2.....-.- $ 5,640.00 
i. Title Guarantee and Trust Co...............222..... 2,000.00 
MECEAENIOCLE AI (CG. oa. scck dt oeceneaceeceececcseccececnveot 1,500.00 
IS Sahara to ale BP nce a 1,549.79 
“Witeds Staves, Savines Bonds ..........-2-2-----s0-2.e-eeceo-- 3,975.00 
1 STS | 28570 Ee 3,721.49 
7" Temporarily in Corn Exchange Bank.................... 749.29 
_ —————— $19,135.57 
al Surplus Fund 
- Ehime) 1 TOG WS Si Delia $11,389.09 
ee! Lio tegen ero Oa 7 ae 392.40 
a ; eed .40 
"so Invested in 
ilenGuarantee and: Trust Co.......:2.2--<.:ce-2--120--ie-d $ 2,793.60 
ft Senne eVANeS DANK: 2a 5.85 eccetecseccechcneneavecseceeent 1,163.70 
¥E  __- United States Savings Bonds 20.00.00. 1,950.00 
a iidustwal Bonds ........-....-..-: 8 ae ee he ee 5,874.19 
fs ——_———— $11,781.49 
. Life Membership Fund é 
> Invested in R. R. Federal Savings and Loan.................. $ 75.00 
7 Auditors’ Report 
wy : Ne We have examined the books of the Society and believe the records of 


financial transactions to be accurately set forth in the Treasurer’s report. We 
feel that the Society is to be congratulated not only on its financial condition 
but on its good fortune in benefiting by the self-sacrificing services of Doctor 
~Goldforb and Miss McCabe. 


(Signed) Haws T. CuarKe 
VINCENT DU VIGNEAUD 
Rosert F. Lore 


June 1, 1042 
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Armstrong, Charlesm ss tesa National Inst. of Health, Washington 


ATMS TRON, 5 Wisi Dice sconce cece hee ees 2 eee Cn eee Univ. of Minn. 
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cya tilel, TLIO RI lke gS NS ea .....Univ. of IIL. 
LANTOS Ob, 1 i 0 eee a <a AO oe meee Henry Phipps Inst. 
Beats Ibe Mba pil Ie RISO le eee Glenolden, Pa. 
chon SUL, Se, vances Ie ig Oe an ae ee a eee Cornell Univ. 
wAgiant, [Lei Ade a eRe eee Berne, Switzerland 
JQ STE LAL ROL Ue cn Louisiana State Unty. 
Zeke PS NV OS eR ee ee Univ. of Calif. 
Bucci, 1D) NS SES ese ee a ee Presbyterian Hosp., N. Y. C. 
A ehh, LOS 2y LON Clee Mass. Gen. Hosp., Boston 
NERO ip GDI a ee ea St. Louis Univ. 
PUES SMTP SRO Ween ee ek AR con Univ. of Pa. 
ASHI, 2 1D ce en a ee Boston Univ. 
UR QWESIAN, (Co NIU 8 Rn Rockefeller Inst., N. Y. C. 
At@ YY. lca (Ca. 2 Saas eee ene en eR Vanderbilt Univ. 
Pe @es, Ws. 1G. Aes SA Sik ae Harvard Med. 
Bo Vyeoien: 12 TR Mie EPs Cg St a Re McGill Univ. 

[eisvelnoails UA MMe d eee eee LER ES Lee Seaton Univ. of Tl. Med. Coll. 
[eecoiaie, (Ghecyieye, NN ea oer a A Mt. Sinai Hosp., N. Y. C. 
Ty cee rs an Memorial Hosp., N. Y. C. 
CBvuuts,, AAU Ge TN Ge 5 oi Ss een ee Portland, Ore. 
ian eg (CONTE Cyt a ee ee eee N. Y. Post-Graduate Med. 
Teen lesn,1E) ”\Gel iS a ey ae oe Univ. of Llinois Med. 
iceniviee'|L, CHEUNTE) AR oO tec eo Yale Uniy. 
ISelRiwuhlice TSUN) =e Sale eae eee ee N. Y. Univ. Med. Coll. 
TBI jails, LEE eC EA [eae ee Univ. of §. Calif. 
(Soll (Gl, CEL. tease en Univ. of Calif., L. A. 
UG CAL, AN onosasieseeee ee aS eee ee eS ne San Diego, Calif. 
Teculites Ek. LEG. oe le ea SER U. S. Dept. of Agr. 
1Besnracclii§ Ahaha 0 aes ek eee ene Coll. of Phys. and Surg., N. Y. 
JEayrineity VW/o. LE LO) 0 Cann ee ee ee New York Univ. Med. 
LER ST UDI, 162d A CTE AO ee ic Rc Yale Univ. 
}Bavions VAAGICNGN G5 arr rr eh eee State Univ. of Iowa 
ISegie/ gore, AS), LBA | Ua pO Univ. of Tenn. 
Heenuike ie, Ohs AW cag eR ae Rensselaer, N. Y. 
JSheraeisy, [Rg Tilo: otk tet at ee eaten Se Univ. of Minn. 
TRIMS, Coe 1D) ea nee & Stanford Univ. 
Bann, lenny 15 2a A ree ae Cornell Med. Coll. 
Tohnremtoiin. 18'S. XG Cte Bae tee kee rr Uniy. of Chicago 
CRAQIAD Thy, (Go -cseen Ss ses Wie ae ene ee ee Columbia Univ. 
TBMEM TIS Way pSto) TENE le OY De eR Washington Uniy. 
TSs, CM Al ae Os Use eo Tulane Univ. 
LEASE, TEL, 16 ord ok Re Univ. of Wisconsin 
[Seu S, UES, NAY ccc Bilao ee Detroit, Mich. 
JB nieve, Las (OLS ye ee a New York Univ. Med. 
TBS uEDEE dl, EL 5. nse Ae Oo Rockefeller Inst. 
ISLA YUNA, IE OUELS S oes ee Presbyterian Hosp., N. Y. C. 
Bena: 1S) dice eee oe ae Montefiore Hosp., N. Y. C. 
i Bioyan) OCT eee, Up. PLE CN spnee a eael ee Stanford Univ. 
SAH IE AY lg oe Yale Univ. 
Mesa ea ay Se il een psn sna Sass e dnote ses aeevceeeeeneneeeenes Univ. of Pa. 
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Bean: Jo WE W eee ale ies Be ee a ee re BS ee Pee Univ. of Mich 
Beards Hie Hina ere ae A eg eee eo ee Louisiana State Univ 
Beard. satis... oe ea ol ec ee OS aes cee rem et eA arte mee Duke Univ 
Beard sG) eee soo) es Shine oe be ene eee br 1 ot “See ae wes Stanford Uniy 
Beck, Glande ss; se2 psn soe eee nr nee ete rarer ase Western Reserve Univ 
NBT o(o) es) yl Ch nee ele aN AA Pe ws 2 Ge Oh ay Mtr SRT! Iowa State Coll. 
Béckmian, sary <a eons ice ss Creede eee ee Pee eo a Marquette Univ. Med. 
Beek with, css Wie yc eeatn es 0k eh eee eee eee ne, Ste cree Univ. of Calif., L. A. 
Behre, Jeannette Ais oe ee ieee ee ne eee eee New York City 
Belding sD ery Tusa) ssh Pe a Le eet ae 2, one pe pee One ee Boston Univ. 
Bender’ pe Sie Se yee oy en a a eee eee Mt. Sinai Hosp., N. Y. 
Bengston,glidecA ae is ee National Inst. of Health, Washington 
Beer: By Nee 2 etree acta ee Columbia Uniy. 
A 2425 fica © AN C Res mM tec eB UE NS 9 Sew SL oder Semin oe die State Univ. of Iowa 
Bere’ | Wrilllitarniy VN eee ie Ps pa eee Ie oa ee ree Oe aN ij aes (Ohi 
Berren;, Olaf PERL So Fe eR Os pes were to 2 Na Megben Univ. of Ill. 
Beremianms iM a x hyo eee BO ee 4a et eee Rockefeller Inst. 
Bernhard vA do] po liege. eee eee ee eee ee Lenox Hill Hosp., N. Y. City 
Bernhart, F. W............ Cc eh Seeger tf sca tol oe yea eee ee Cleveland, O. 
Bernthaly Wes Ge. ee 2 Ae get i see Jee ee Vanderbilt Unity. 
Berry; Georged Pe os, 2.27 25 eee gene ern a Paces eae Univ. of Rochester Med. 
Bein, ies) See ook ee Beier ang eee =) Hahnemann Med. Coll., Philadelphia 
Biermeinis, Wises coe -by oe se ee eee Ph em Ph doe, eas Mt. Sinai Hosp., N. Y. 
Bieter, Raymond «Ni. hate a ee ..Univ. of Minn. 
Bulls) G.P he Ae ee One tac han ie eee "Mead, ‘Johnson and Co, Evansville, Ind. 
Bing, Franklin CG AIRED pert, ARMs ae ty FeO RAE te Am. Med. Assn., Chicago . 
Bing: Riese BY > GES ied oe eee _N. Y. Univ. Med. 
Birkhaug, Konrad ‘E.. aerate tn eae et he “Geo tyniak: ‘Inst., Bergen, Norway 
Big papi, Gayl eet oe as) saa se a een Os ee Nee York Med. Coll. 
Bishops, Georg eed a. mee ome ee ce nae ..Webster Groves, Mo. 
Biskigndl eG, siteesamiae Ser ened Rng eee Ue _Mt. ion Hosp., San Francisco 
Blairs Jolin Ch yer ete th eee ee sek for Joint Diseases, N. Y. 
Blake. -cHet Gieswtre Sauls oat me eek Owe eae ROG Yale Univ. 
Blalock; Alfred: | ties as ere iia Sears nae ae Vanderbilt. Uniy. Med. 
Blatherwick, Norman R............ Metropolitan Life Insurance Co., N. Y. City 
Y SJR al 4h Dreagl : Poteet ee caer Meee eek <P AON LAN aes on SINE ait ae Soe Stanford Uniy. 
daiPofelelyed eaveysvit 6 resets Ean Me ee een Univ. of Chicago 
Block avichan diy Jer 2. ee a terete a ee ahr ae) ‘State Psychiatrie Inst. 
Bloomiypyy Wiliam score Selec eee he ee en tee ae ean Se. Univ. of Chicago 
Bloornfie|d 7A Wa sco0h seh Pee eet ce ME 5 9 oer Mee le Stanford Uniy. Med. 
BLOG rests Wee a eee = Sasi kee 2 ep arly ae Mt a ee Univ. of Rochester 
BLOT bs TR ty, a alin Sata 8 pea eee oe Uniy. of Minn. 
Blum silaroldyey chk ete Sate Ie te ee wT National Cancer Inst. 
‘Blmmiberg te Eliar0l diss 2 cr: enes- cee 2 ee ee een rae Johns Hopkins Uniy. 
Blinn arty Es, Sie ok hel ek eg Beth Israel Hosp., Boston 
Bock losep ny (Gsm aye ee tees a rae ..Marquette Univ. 
Boden Kays, SA oferty to eee we __Hosp. for Joint Diseases, N. Y. 
Bodarisk y+: (Os@ar rs cic 2 eee eae Oa ee EM New York Univ. 
IS Oe U Nes Hgs il g Repent co bicep net errr tie a I els oa State Univ. of Iowa 
Bogen se Bim c seo tre. as ie os 2 aa ee i eee eee Olive View, Calif. 


Boissevain). Charlesy iste seuts ns coe epee cee ne are ane ee Colorado Coll. 


dy agi 
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Bovobsu dich. sI@sst), eet 5 ete Ase Goan: le i Aa lsc ee Mayo Clinic 
Tonge, (A TAS to 6s eee ef Calf. Inst. of Technology 
i Bope mer Lge. Ue Saw 0 aR Milwaukee, Wise. 
Heoxatg, A UNn@ iti 15.5 a. WR OI Univ. of Chicago 
JE Cantley MiG) | 22 Ra Kahler Hosp., Rochester, Minn. 
LBayeh cai ele TE > Ae a ee Presbyterian Hosp., N. Y. 
ISOS OLE, | LESTE ya ee ee oe Calif. Inst. of Technology 
LB 18a) 0 ee San ihe fe EN ee Re A NA Buffalo Gen. Hosp. 
TeGpeig,, VL 1 Shas ESS a ee ne en es New Orleans, La. 
IBionweks -SAGai gi, UN AS ae _....-Queens Uniy., Canada 
JSkO iy “Toles 1S). sao aac eo el ae ee a Be Ree Ome Loyola Uniy. 
ieceyocelern, 1b Jes © DUR I ne em Univ. of Minn. Med. 
CPi, NSLS Ohio State Univ 
TEseavai orl, iat hes 2s 00 aR eee nee eee Univ. of Rochester 
Joye ilieny), TL, OG. Be ll aes nee oe eae aS ......-..-Univ. of Wisconsin 
LENIENT U1L Coll. ‘of Phys. and Surg., N. Y. 
Pmaamisemieoaran Bie. 2.2... 24sec leet National Inst. of Health, Washington 
IS pep soi US S0UC RIEL. aed ee SNe oe sae pe a Univ. of Pa. 
Brewer: Tous G(eidlh TRG. cs Japa seen ene Pee dg ee Me eR ee Syracuse Univ. 
Tipteers, TP aa es a nl Univ. of Georgia 
LE ne TG NA ea pe ee Danville, Ky. 
SPE ERA MCNE YD G8 nd acdc eps de agave ntnsacees-+eczeeseoeee Washington Univ. 
LECoUIR, Ll NING: So SoS gd a een Univ. of Penn. 
IBS. GING (ee oe eee At tea wll Louisiana State Univ. 
ibrookem Matilda (My... “Vide 5G tere ct ot ae ee Univ. of Calif. 
Hsecoteszsy, 7S, cic ee i Oo Uniy. of Calif. 
[Breovecn,, {0), (2 se SS Se ae se na St. Louis Univ. Med. 
PSE EUG WAL sew. os es ce cent ese nceseceect-decveconsetnecsatudiccsnatsoees Johns Hopkins Univ. 
ISURDW iD), 1D): a i re ee a en ee Ohio State Univ. 
JSNCD\ IN. UNEXOUGS L Si US een ee N. Y. State Dept. of Health 
Tew VVC EM cee 2 cece aah ave ccc t ech easeseenseseeneeess OCKefeller Inst., Princeton 
Browne, J. S. L... SS EAROS GAG GTS Victoria Hosp., Montreal 
Bruges, Maurice... Re rcp ee Pee ete eG Ys) Ost-Gradnate: Med. 
Brunschwig, Alexander. oS gos tien Mae Na ee ee bo eI Univ. of Chicago 
SSCP TTL, JA NS peel ee ee eee ee E Univ. of Colo. 
LE fey eli 01d, 10 0, Saat, SS a ee a Iowa State Coll. 
1 hayclal v0 Vee Noa eee Michael Reese Hosp., Chicago 
Livre) ue) INGEST Sc ee N. Y. Univ. Med. 
Tribal, UML 0005 NA ge Johns Hopkins Univ. 
Fesdligeerc, 1h. «JN cates Mie ea Washington Univ. 
Ballowa;)3-G. Mo .......... Se ee ot ee We Harlem Hosp., N. Y. 
LOTuMR ee, Vo. dD icra ieee 9 ee Oe E. R. Squibb & Sons 
(Shean, 0 1 oe Se a gna Univ. of Wise. 
Ce EE a er New Orleans, La. 
US TOMaeh, AMOUNT) (CON, See ea ae Vanderbilt Univ. Med. 
IS {TUG IRCA et DE eee a eee J. pee eee Louisiana State Univ. 
TST, DENIC. 2k oto oe re National Cancer Inst. 
Tspmsicyy, (SHhiL Tle. gle glee Johns Hopkins Hosp. 
JoNUneS; V0, Ive ere cro a ee Louisiana State Univ. 
Burns, Robert K, ‘|, STRUT Soo eae eee Carnegie Inst., Baltimore, Md. 
regs sox nse cpa ns cise ng vate Stateepenetencoeenenes Univ. of Minn. 
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Burrows, Movi. 2 2 ee eee eS Pasadena, Calif. 
Barrows, \Wiiam.t2) 22 ee ee ee ee Univ. of Chicago 
Buster Cae Pcs Se eee ee N. Y. Univ. Med. 
Butcher, WiQee =< J ee ee ee Hamilton Coll. 
Buti, hie Fah, coal Pag EE NES, = 2 eS ee Univ. of So. Calif. 
Batis; Josepiip. es ee ee eee Oregon State Coll. 
Byerly; PaO 3s.) 2 eee ee U. S. Animal Exp. Farm, Beltsville, Md. 
Byrne, < Sosa plaice ewe ee ee eee Fordham Univ. 
Ce RV Me eet ee ee es ee oe ee eee Wayne Univ. 

Calkins)! Gary: N32 2-8 28 ee ee ae Columbia Uniy. 
CameronavA. JTS oF [ve 5a ee eT ae Univ. of Manitoba 
@Camman’s Robert: K.0 23°. 5 oe le ee ee N: YvUnive 
Cannon;-Paul Re. AS i ee ee Univ. of Chicago 
Cannon: 7 Walters. 2 ee ee eee Harvard Med. 
Cantarow: Abraham £2 5s 2 ee ee Jefferson Med. Coll. 
Caregye tego Oa ee ae ee eee Marquette Univ. 
Carlson; (AG. Joe oe ee ee Uniy. of Chicago 
Warmichsels Wy Bo Ae ee ee ee ee Univ. of Alabama Med. 
Warutichael, Vet... 2 tae ee ee ee he Tufts Coll. 
CaxrperiternC. Mets ne ae ee a ee Univ. of Rochester 
eat railcars ee ac ae eon Se es Univ. of Md. 
Garr, Jha ee ose cee Shela So eet Univ. of Calf. Hosp. 
@arcuthers, Ave 2522 ee ree ee en ele eee Birmingham, England 
Oaty, (Ox Os Pct eae eee ae ee U. S. Dept. of Agriculture 
Casey, Albert, Wiis! tee eee Louisiana State Univ. 
Cash, yams ie a oer ee Uniy. of Va. 
Casidad lyase Ban 2 oa es ee Se ee ee Univ. of Wise. 
Casbaned as Mepis 25. 5 ee ee hee ee Hosp. General, Mexico City 
Catiell;cMicikvcent 8 Pete ea eee eee Cornell Univ. Med. Coll. 
Cecily Halse eee nt on ee A ee a ee Cornell Uniy. Med. Coll. 
Cerecedo? Ths itis tte god BR 8 ot er Fordham Univ. 
GhadwickeGi 8 £5 so Bie eo ese es oe ee ee Vanderbilt Univ. 
Chaikofi a En op oes ee ge sn e oe eee Univ. of Calif. 
Chambers; Roberti: 40525.) 5. ee ee eee New York Univ. 
Chambers, William EE 2 223 ee Cornell Univ. Med. Coll. 
Chaney Eis (@hiti5 soo) see 2 ro 2 ee Peiping Union Med. Coll. 
Chang, Vistae-C Wit: 22) tee ie Hunan, China 
Chargait. Wrcwitraete: 220 tees os Nee es Coll. of Phys. and Surg. 
Charip per, A oo oe. a eh eee New York Univ. 
heer, SiN ai eee oe 2h i ee W. China Union Univ. 
Cheett, rea Team 2 nec dep roa Chicago, Ill. 
Chen Nea ee Spa See ee Eli Lilly and Co., Indianapolis 
Cheny Ts "as. zat eee ee Peiping Union Med. Coll. 
Cheney. es: TU 0 a pe oe ee ee ee eee Long Island Univ. 
Chashicastieea, Uy ieee cetacean re emp ree Toronto, Can. 
CEN OS M20 aa pe oe ee ee) ee Stanford Univ. 
Chittenden, Ri. Hist oop ee Yale Univ. 
Chonke:. Ks S25 3.2. See Se eae eer eae ae Univ. of Pa. 
Chow Bess he ee oe Squibb Inst., New Brunswick, N. J. 
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aie, CCT Sa RE RE eo ae eee eee eee eae St. Louis Univ. 
(Cline sii: 1S Hey dey ang ae ae ey ea Peter Bent Brigham Hosp. 
(Gianetictemnay al. ANGIE To 7G -ae ere es uae ee eae nae ee De Univ. of Mich. 
Git, eS ee Peiping Union Med. Coll. 
Giamgee;, TELS a ea Peiping Union Med. Coll. 
CuI GIG) LR ele en ee a Coll. of Phys. and Surg. 
Glew. Giang se 5 Se ne Med. Coll. of S. Carolina 
\Gllevile,. (Cringe SY aie nee Lederle Lab., Pearl River, N. Y. 
(GHEE, PIN, oo ceascce ai a ee a Univ. of Wise. 
(CITES VR), (Chui. ener Univ. of Minn 
(Glley dives, 18 baits ANG, 25 eS ee Coll. of Phys. and Surg. 
CO et CMM OEE 2 Poh once can de wanncatleeabach ene ceupusuraccesieees Rockefeller Inst. 
(OLE If, Lely dl sce 20 Se SS Se Univ. of Colo. Med. 
HENS (ens (Si Cee Strong Memorial Hosp., Rochester, N. Y. 
HOEY OMI mem TUS ANNU, GN ota -3< cc ecco set aPsninavecesosnde-aeacedeott-usetecscaebeccaseaens Univ. of Minn. 
CMhetivoin,, (Chesil: 15) Zee SR aR aa sae te ee Stanford Univ. 
Cibusicras is. 12s. Jair Sareea aie nee eae ne nee ee eee Rensselaer, N. Y. 
Clkowvess., (i. Eli: ANS SS SAE eee ae oe Oe Eli Lilly and Co., Indianapolis 
OE o rr Ne en a Le hcp peedasdnnstbecdavsancgereseauhs Oradell, N. J. 
(Okeke, (CL UN 2 gy ee IG re eee Mayo Foundation 
(Ceo@egs rail; hy UGS oe Seay Se ee pe eae are ne ne Univ. of Mich. 
[C@lneval, [Beer DUi aes ne Johns Hopkins Med. 
(Coleg), NEG yay) 12 es ee St. Alexis Hosp., Cleveland 
Colich A Cae ec nee eee A et oa ee Rockefeller Inst., N. Y. 
(Ciolitin,, 1SSiG 008. ekg eee ee New Orleans, La. 
Che. wie (Cia. isles as ce Univ. of Ill. Med. 
(lhe. T8250). C1 Sa IRI Sa es Univ. of Calif., Davis 
CBR Jk a osos cage ee ee ean ee ae ee a Univ. of Wise. 
CHOU: [eV EDS USE Sones Sea RO ee oe ee Rockefeller Inst., N. Y. City 
(Colle, eC 10s 18 eee De dane eh A Univ. of Ill. Med. 
(Caley UN GUICITEO, Tai gee eee eee ae ee eee Rutgers Univ. 
(Colliceress, AN TILGTICY {Same ee ane ee eee  ee Brooklyn, N. Y. 
Grollbiese., ANVIL af De St. Elizabeth’s Hosp., Youngstown, O. 
(Chollihiidig;, 0). JN js. 25 et SeN e e e e c Temple Univ. 
(YB, JE, 18, ncccueelccee acne ee MeGill Univ. 
(COAL Ey TDs Ue ae SN a nn Univ. of Chicago 
AO comuesuntiemetcems Oameeermer at tS ee Princeton Univ. 
Ciszal key, (CIA eiSe VN SS ae Burroughs Wellcome and Co. 
Cook mMondiatbie: 6-0 crt... School of Tropical Med., San Juan, P. R. 
(Comes, dl. We.ctecdnes Ss oo rr Washington Univ. 
(Crowsitos,, Tibeleui (Cho 25 eee a2 eee aoe ee Brooklyn Coll. 
Crooyeian, JN WaNs 183 e ae ee r  e W. Penn. Hosp., Pittsburgh 
(Corner, loved hint (10 ee eee aa ee Univ. of Cincinnati 
X07, OD), Yara con stare naan ee a N. Y. Med. Coll 
Grove caaucetmycen, Wy, SIE cose ee ee a Columbia Unity. 
(Crome Bini, TaCeiaoleyhl Bc oa Reo Univ. of Tenn. 
(Cronin) TS. eae octcees ce eee Ee ae A Univ. of Va. 
Chae (Ceara TIS oc oA AR Washington Univ. 
Chovidlfeny, SRA oy CES We eee eae eek Purdue Univ. 
ODIs, Geert ET EN YS Re ee Carnegie Inst., Baltimore 


Gorpentminm pete: 22 = cot . National Jewish Hosp., Denver, Colo. 
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Orc'eakd Mp yikes. © olin ee Moca gate th i NR A N. Y. Univ. Med. Coll. 
Gon soni SH nie aes aceon ec ear ee eee U. S. Dept. of Agriculture 
(@arrwrclaeygc SHI Vote Se Na oak Beh eth ee eee eee Washington Univ. 


Cowgill" Georgentten scm eee re ee ee eto ee eee Yale Univ. 
Cox, Herald R..............................-U. $8. Publie Health Inst., Hamilton, Mont. 


Cox SWrarrer ANE hry ge ye alae eee Le) Ee eat eas Mead Johnson Co. 
Cram)" Eloise 5B acer nese ine ee eae Nat. Inst. of Health, Washington 
Crampton C2 Warde ee ast Ua ieee N. Y. Post-Graduate Med. 
Crramidallls: iis! eA ote) ie: a sees aa os eae ae eee te een EL een nee Univ. of Tenn. 
Créaser; Go Wiehe hss ota! Suelo ae eens ON ee mee Wayne Univ. Med. 
Cinle Georg 66 Wisse ce re eee ree Peete eo a eee Western Reserve Univ. 
Crittenden ® Phoeberd 22s eee cet eter rere George Washington Univ. 
Croligi yy Berge ES Pa Na ae ey a ae See epee Mt. Sinai Hosp., N. Y. 
Csomikay cs A oy 2% See Nee sae. eer erene ie iDeGSh ee of Agr., ap ona DEC: 
Culler, B. J. Cees Shh Wai SN Nea ENON ARN ...Univ. of Rochester 
Gna Harold... Soh aT De ewe DA ese, Sia Lae Cee en Tulane Univ. 
Garren BOTbL eset te ate eee) lv ee ee ee Seo Ula 5 See aed Duke Univ. 
CarbisS Gee Me Bike yo eo ee Reeve ed Ree erent pace Ohio State Univ. 
Curtis, Miayiite ght) sue tier kiie 2 Rb 9. ede ere nae noms ee Columbia Univ. 
Cutler-sB ott Ocoee ee eee eee Peter Bent Brigham Hosp., Boston 
Cin ft gs CW Cig ee icc ek ee rarer se See Stanford Univ. Med. 
Cutuly, Eugene........ PS ROM Deen ogee UR MA d gi, 5 ese Wayne Univ. Med. 
DD 6 a eae ipa a Ceuta Re ae Ne SL Aa Univ. of Chicago 
Waka ids SI) Sa we ee ec ere ee Ossining, N. Y. 
Dalldort-sGilbertss.. = eee eee Grasslands. ‘Hosp; Valhalla, N. Y. 
Waltons Aer dsl lt. clase eee ey geen ar em RT McGill Univ. . 
NON ciVoy vb hel chee ci memeeeeom tn Ween amtys Fue Ane tage AE Seg eee Univ. of Denyer 
Danforth’ @hanlecs (i 0 ono tenia ee ere .. Stanford Univ. 
Dy erator Hs: 1 sp Pele ae ee ee aL NGe ree ee ee cera “Sloane ‘Hosp. Lee oy Otay 
Daniel cake 5, eck em ere Ak ice to ee Univ. of Calif. 
Daniels oAuniy slats 2. es eo oe a ey ee ee ae een eee Avon, Conn. 
Danzer VO hares, Sits ee one eas Pe ee 2 Ody Seah em eas ee Oy eee N. Y. Med. Coll. 
Dantrebande, /EAcient tee soe te vete ak eae Univ. of Liege, Belgium 
Dayenport,.C bat. Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Dayidlsolunog israel. tee sta oh: Suet oe te ome ee oh Univ. of Chicago 
Diawis 7a acer ee Moa tate Nae le Ue ee ie OM rhea NE Te Wilmette, Il. 
Matyas, SAG oo a ae fa aR hs ovens os tL et ee PU Louisiana State Uniy. 
Davis, as Gl score nus: es een cant Sn” pie i ae eae Univ. of Arkansas 
TTD anes TMs OY a8 ieee SON tea Nee ee Roe ee a Univ. of Chicago 
Dawsonyclamegnls eae La a EA eee Coll. City of N. Y. 
ND Ew crouse AlN ad s be epee tee tao ete te a Ae aes Columbia Univ. 
Dye ASSIA Ae eee cok, te ee rear ae een ee Northwestern Uniy. Med. 
I avert eral: Tatts ook SPs ee ees ae ee ee Univ. of Arkansas Med. 
DeBodo, Richard: 520550 tas. in cc een eee New York Univ. Med. 
Decherd,” GeoreesM fey ee ar 2 ee er Sle Univ. of Texas Med. 
BD) 2s OCI May ge eeahper een ee PR ees EN IN ee Oe ee Stanford Univ. Med. 
DeGowiun) HDi Eadeted sett Aghia lpt ea an 5.) cael eA Se State Uniy. of Iowa 


DeGraity Ac Cy ich s, 9 cet ean conc: Meee oats ee ea ieee NCR sone nea 
Deerinisy: Has Wistachacsee cates hee ety a ee a ae Amer. Univ. of Beirut 
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ese ISL ie ee SR 6 a tee Os dee Univ. of Pa. 
VUE Sy SE) UO. 012 SRR Washington, D. C. 
Leg la sie SSL TSS) ee Se a Columbia Univ. 
(TT) CDG AS] lt a ee Univ. of S. Calif. Med. 
Wipe pL 1 A 8 ES ae eo ec Univ. of Chieago 
A ert ere gh, NUN, AS Univ. of Chicago 
Dienes, Louis... eee eee eee sess---Massachusetts General Hosp., Boston 
Dieuaide, Francis R. RON Se eee ee paver Mass. Gen. Hospital, Boston 
Dingle, i (Elna seste cla ORR tee rr Boston City Hosp. 
Days Ore Ge ES ee OR AS Lets) Ohio State Univ. 
ino evs ve) ee et a an le Presbyterian Hosp., N. Y. City 
Tt. ACCA So i 2h oe RR a Stanford Univ. 
LEVEE LP 0k oS a nn ert Uniy. of Pa. 
Hey Sa. DS OES Ji) aS Sn eee St. Louis Univ. 
TU ypUass OM. Toy TS ee oe Univ. of Buffalo 
LOLA, Ed 2 re ee St. Luke’s Hosp., Cleveland 
(Deans (0 Univ. of Chieago 
Donaldson, J. C. .......... Ieee en te 2 Sok nots Na Uniy. of Pittsburgh 
FEUD Lo 2 a Syracuse Uniy. 
(vce 150) eee eiameterans Western Reserve Univ. 
i, La Ese ae a me New York Med. Coll. 
om olst, [RES Cis)! [2 i oe ie ee er Mt. Sinai Hosp., N. Y. 
Weyealll oh aM. 5 SEOs - ee Western Reserve Univ. 
iho UN Sieh ea SIS oS Univ. of Oregon 
(QU AK Gl oe Ett Sea Re ee ee Seo Uniy. of Pa. 
INS e cli OSL NSS a Northwestern Univ. 
UARAES Te), LIS £28000 SS ee Univ. of Chicago 
TOC VIS SS 2 Univ. of Colo. 
TOSS5 toe 05) DME SR A cee Oc en ee Philadelphia, Pa. 
ISheniyy 1D. The. 2k ig See Se ee Univ. of S. Calif. Med. 
LUPO, JS 1D N. Y. City 
Dos, i oe Cornell Univ. Med. Coll 
LORS, LL SS a SS ee eae ee Hartford, Conn 
DGS DS. ELSIE ol ae Rockefeller Inst 
ITE) Je: NE ee ee ae sete ree ta (Sav aS 5 Univ. of Wisconsin 
IU Res, 1a, i LS a ne Se Cornell Univ. 
Vp SSS Columbia Univ. 
WPhetty, NLP ood (ee Univ. of Calif. 
Duran-Reynals, F................. DOE eet oe ee ee ae ee on Yale Univ. 
PU at es Pee MERE MTN osc nnn s one anecntaefocceeccassuuetacees Penn State Coll. 
ES Ee an ne Tulane Uniy. 
TE AC GGL i Se Cornell Univ. Med. Coll. 
Die, TOE 2 AN Cornell Univ. Med. 
1O)peu,, Lever INS Se re George Washington Univ. Med. 
JD oie, aN, MGR National Inst. of Health, Washington 

TS GE CS | A cr National Cancer Insi., Bethesda, Md. 
TESTE ND, GL oe Johns Hopkins Univ. 
IO ONr CAL OTEZG) Cb A ec Louisiana State Univ. 
ee Dept. of Publie Health, Berkeley, Calif. 
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Hberson,;Hiredeinre eee 2 20 2 er eae ced Sree ee Philadelphia, Pa. 
1D C2) oa Cl Opa Aitroes bebe Betton Coen CAL Ne Coast ce Western Reserve Univ. 
Wekstemna, bertriy Cia. ae yc eee eae 0 oe ee eee oem Univ. of Mich. 
Biddy New Dit phase 2s et eee eee Nat. Inst. Health, Washington, D. C. 
Bali Weal irc ed cease ns wR eee ne aed ae no eee New York City 
Edwards, D. J........ Dei cot 5 Snel ee en Oe Dakar Cornell Univ. Med. Coll. 
Bedwas Gea ett ie Oe eee Dk) meni to tot aT ee Univ. of Buffalo 
Hidwards Philip buvsese see eens eee ee eines ey Kentucky Agri. Exp. Sta. 
Bisse ston elt dire nA ce ee eee eens N. Y. Manhattan Eye, Ear Hosp. 
Richelbercers Dnlliiance <2. ae. ane y eee ss OF ee eee Univ. of Chicago 
Ting er Se 0 eee es eee bo eel ene eee eee Montefiore Hosp., N. Y. 
Full: Missoula. = Web eer so ON re ORE ae Same oe ee Univ. of Mo. 
Risberet Charles Ace. 5 else ewe | en Neurological Inst., N. Y. City 
Fil seis: WS ise ihe NOs ae eeed a Ok ee Pe Cornell Univ. Med. Coll. 
Pilvehyemmns (Coa Acwo se ee AD Re rates Meare at Se Mane ee Univ. of Wisconsin 
Bimersort se Gi, wArse 8 eat ie Cen ea es Se ee West Va. Univ. Med. 
Emensone 'GladivseNcs © 5 Gee cee Aichi PaRle) ata ee Merck Inst. 
Emery saiB eB) tees eae tek eee gee, gant OES eT et ee eee: Univ. of Buffalo 
Himes, Wa aA eee eet ee de Ii tle MN es oe gE ee Stanford Univ. 
Hndersinc). Hive oe a AN dete MN aeate as fe ELA Op CEA Mle ee eS Harvard Univ. 
Vokes (hia! Omi Baa BM est Ae Oe eae, ce ee Sinem RE ee a Columbia Univ. 
Mipste nigel soln ces ees eaten ree Seat eae eee Mt. Sinai Hosp., N. Y. 
Hrlangen!Sosep nie. oe 2 Se eh 4 eae Meenas See Et Washington Univ. 
Ibrnstenes+A thir (Oke ee = Beer ate sess nents oases eee Cleveland Clinie 
ssexx,/ \eliranmy: sp ce een Se yo oe eee ad eT a eee ae eae ee Mayo Clinic 
We bana, WW ata rasg so aes es See eee Se oo Coll. City of N. Y. 
Evans eA Ge Cao oe ee eee National Inst. of Health, Washington | 
Bevansi Mar) Gass: ise Se 2 ei ye Re ee ee Univ. of Chicago 
HvansaGeraldg'Di2ee ieee! 20) eee se ede emcee eee anes Univ. of Minn. 
EVANS pcblenWer tiie e te rn ie tin tae) eT Wee ene eae ees Univ. of Calif. 
iver eb g Mise Reece cies st eee ne Ne ee hee Univ. of Okla. Med. 
EUW 2) CIO Steet oe 7 SS oe aie eet ey Nees ae Cornell Univ. Med. Coll. 
BeyStery: ols: Act Eyes aha in EE on et un em ene ees ean ee Univ. of Wise. 
pee PLA VOL AISSs oer tee ese sete owner Ser Ke Suet wee Stanford Univ. Med. 
Halk Ge Ot Grate Say awen me! bos Sa A N. Y. Univ. Med: Coll. 
Barner ety ths sa WW haces 5 ie coe an tae 2 ge Aen See RE Pate Englewood, N. J. 
Parmer.c Ones ter 2c vn anes Poe ree AS ee ae ee Northwestern Univ. 
Boar 3 1 pal 2 Ree tines n= ek eee ee a Bens tee nese? Wilmington, Del. 
Maush, iremesh MC ute iee. je ages Ue ee ase Re gure leone eee Tulane Univ. 
Bavorites GeO sac. see ee ene et: ee Hahnemann, Med. Coll. 
Mea rine Hamline cs. h esc ns 2.82)n: ae  Aee e ee eeme eee Univ. of Calif. 
Weil aro) dee oc Be Se ee a ee Western Reserve Univ. 
Hell owes Sis ite cot ces he oc tes co Bae een ee ner eee Temple Univ. 
Wenig Se SP a (aoe eee Se eee a ek ae es Be Peiping Union Med. Coll. 
Bien, “Wallace, Occ 2) 25 ees ke eres ee a Univ. of Rochester Med. 
(Hex orasoms velo hin AS ote eet oo see nese eee ee ee ee Univ. of Mich. 
OES USOT, I Snes Wc ce se eee Oe ee se Univ. of Toronto _ 
METPATOS PATNA CO sas tee eee aes ee nen es N. Y. State Psychiatrie Inst. 


Herr yc Hi. ! Mia: Fo bt, De ee Sh nee eee eee ee a Te Harvard Univ. 
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VW teyeois! lSlaveigy Ios Ss ee eee ee et Albany, Calif. 
(ne ee Stanford Univ. 
ipivemn. JEL TRL. i) ie ee ee Yale Univ. 
Tice, | RD a. Re en Beth Israel Hosp., Boston 
Jina. Wi So 8 2 ee General Foods, Ine., Hoboken, N. J. 
BES ral erin mm ee a nameencestbenete ne ceetneneereer Boston City Hosp. 
Tiingogs, UL cee ee ee Johns Hopkins Univ. 
ISiggelnmie, ANI Otis eae ee Kopenhagen, Denmark 
INGieitore, 8 hea ee ee Med. Coll. of Va. 
TRIS CUVEE, MLE a Sa 0S 1 2 ie ee Univ. of Cincinnati 
Lc | es Beth Israel Hosp., N. Y. 
IQUSISINEs. SL ETS rr ee St. Louis Univ. 
IMS eaS, eel p se rr ee ee N. Y. Post-Grad. Med. 
VULGWWATREE, TL SNA T ., <2 eRe N. Y. Med. Coll. 
SUbydeoeiaiclie, (QMS Alc a isa lees eae ee ee ee Stanford Univ. Med. 
Johto, J eLeni8 AO Sas ae en Univ. of Alabama 
IQs, TECETALY ccsveg 2 see ae en 2 Milton, Mass. 
horlpas, elo (OAS a Ae SE ._Med, Coll. of Va. 
I tiniccauere, (C lest (0k V3.0 Sei ee ee N. Y. City 
Ulondinsiea vty 18!) 10, ee ee Peiping Union Med. Coll. 
Foster, Rh. 1. K........ sects Boa tag teas, ANCA es ee aed EH eee Nutley, N. J. 
I Mog ltere., AAU TY [Se Sc Ri ioe State Univ. of Iowa 
Fox, D. Tako sou oS See Seripps Inst. of Oceanography 
IMS RE Coed: hs ers pet tae oalit eee taae rena Uniy. of California 
Francis, Thomas, Jit: es cfr cof REEL es Oh) oy Sets eae Univ. of Mich. 
Wiserni.. Sopot: “OMe. ke 2 aaa eee a oe See oem SRE Mt. Sinai Hosp. 
Tite. IRL 18) citer et ee ed ee a St. Louis Uniy. 
TRBRIDS,, Nhe. N= [ec ace a ne U. S. Dept. Agri. 
Teheenzacvess,, (CLASES op Baltimore, Md. 
Siegal mole, Sy\(Q)ss 2a ae alien! Cena eee ian ieee ee Western Reserve Univ. 
BEA tae eee ORO ncaa ee ee wee sian N. Y. City 
Teatronduiy, 1. (Chs 2! aes ea ee ee ee Boston, Mass. 
TPIROUKE EOS, (CL SS eee oR ee a Univ. of Utah 
Tterewiditel, IU. sac acct so ee er Otisvil'e, N. Y. 
Jowett, INS xc Univ. of Copenhagen, Denmark 
Hiypwocienmniea, “WE, TD 2S ae aan es ee Chicago, Ill. 
Toeieilocetllol, NWS VN este ee Rockefeller Inst. 
Inokeyshineet, ING) (ees ee Be Aee ee mete aoe Nak oe Ck eS Chicago, Ill. 
TRrere oh snes NC NNR oe Mt. Zion Hosp., San Francisco 
I ielolsings, Mena toe. Cie eee eae Baltimore, Md. 
Cop on ie oh gS Yale Med. 
Jvhmemic, Carlene ot 2 ek ee Ne Y< (City: 
Lena, DaCOIOY, 2. eee ne rr Cornell Univ. Med. Coll. 

duelniere, (Oh. Lila sk Sea eo ne Henry Ford Hosp., Detroit 

(Gtstereg Cs TSN CIE eae area ne a ee Brooklyn Botanie Garden, N. Y. 
(evils UAVS Ryne), UN 2 ae ea Bethesda Hosp., Cincinnati, O. 
(Groiline tings: “10. TR. SSeS Be a it eS oe Se SO Univ. of Chieago 
(Gopvanolie,, ALDI Sy Tbe, acs ek Ce ee Harvard Univ. 
(Ganache Ome ere Fe ee oe a Lenox Hill Hosp., N. Y. 


(Gehasiaec, Teton eee ar nee ee Saranac Lab. Tuberculosis 
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Gardner William’ Umer On Re ee Yale Univ. 
Graraery, Welter Bi. 00-6 scores eee MeO On Oreo Vanderbilt Univ. 
Gaskell Joh BV oo ee, oe BOR Oe. ae eee eRe Cambridge, Eng. 
Gasser; Herbert S i222 8 oe eck Se a ee Rockefeller Inst. 
Gasoners i ranes st ot aa eee ere Cet ls al is Colorado State Coll. Agri. 
Gaunt, Robert... 52 eee ae exec eee UR ee A I Se OR New York Uniy. 
Geer, Hoss. seer oreo ee cee ete Inglewood, Calif. 
Goeilimy; ic AS Ri oo pers ee eer renee Se eee ete Univ. of Chicago 
GiaiSt SAAS Ec eye eee ane eee Mt. Sinai Hosp., N. Y. City 
Gelarie, Arnold J... GS ae ee NYS City 
Gaellorn AH st Ss Soo ee ee ca Biny ‘oF ‘THinois Med. Coll. 
POV DET OLS A eee raced Se tee es ee Univ. of Calif., L. A. 
Graven 7 FSW, oo ons Se, hn eee oe eee lnc cl en ees Univ. of Chicago 
Gerstenhervoer. Ho Jie ee SO et Western Reserve Univ. 
Gesell, Robert Ag soo ek oe Univ. of Mich. 
Geptler RA. : Ose = eo eee poorest’ LaPeer: N. Y. Univ. Med. Coll. 
Geyelin) He Recc eee ee a ee Columbia Univ. 
Cr) APR O Panto Rare! ee Reese A aed EN SS A re erm eS Lae eae Memphis, Tenn. 
LOTSA sp S HOR! o Fees cater Ske eee Reg ors Ae beteencee et ae 8 Ba State Univ. of Towa 
CHiess, lo WL ins ed oe cae oe ce ne erence ER are es a sre Columbia Univ. 
Gilchrist Pranvis: G24 eer nee 5 Oe ee eee eee Riverside, Calif. 
Gilhgan; Dorothy: Roos... ee See ee Fe eee Weston, Mass. 
Gilman “VA Tred soo ee ek er ee er Ee ee Yale Univ. 
Gilsony ASSei i ae ee eee ee eee eee eee Washington Univ. Med. 
Garden,” Hidiyaird:..sr ee ee, Be od Univ. of Rochester 
Githens, IES Ss iol in oo ee ae ee Philadelphia, Pa. 
Givens, Weuriee Hiss on cs: te See ee eee oe ce eee eo eee Chicago, Il. 
Glasers Otto Gis ee oo SA ee | Seen ieee Amherst Coll. 
Glasser Otto oer 8 RS a eee a ee Cleveland Clinie 
Glaubach, Susi............. Sree at ee ee ce Beth Israel Hosp., Newark 
GHeky DS ee ae ee ee US a tees Mt. Sinai Hosp., New York 
Goebtiseh; Boia to 29 835 Rt Oe ee ee ee eee ot Columbia Univ. 
(old Eitrr yok a 86 eo ee Ne 2 Oe nee Cornell Univ. Med. Coll. 
Goldbere ai Ace ors cert ee ee ete Presbyterian ee Newark, N. J. 
Goldblatt, Has ae were cece eV CSUOEN | RRESCEVO aU ine 
Goldfarb, Walter... Se ee eee BOER Bellevue Hosp., N. Y. 
Goldfederc Amina. 6655 ote it 5 Oe ees ee New York Univ. 
Goldbonb, Acti. anes) 28a 9c ere oe ..Coll. City of New York 
Cola VN Seen et ed ed a ese N. Y. Univ. Med. 
Goldschimidts} Semel! roe ee a ae Univ. of Pa. 
Gomory, -'Georoets tse sees oe Go ie Univ. of Chicago 
Goodimany, ‘Tite s ce AS Lem ee ee ee Yale Univ. 
Goodners Kone thie ped ee ae ee Cee Rockefeller Inst. 
Gordons, "Wis, | Gia ce rs Aa ee Philadelphia, Pa. 
Gortner; ROA on as en So I ea ig en See eee Univ. of Minn. 
Goss: Ge Mic. Sas SR A ee ee cna ik Tuscaloosa, Ala. 
Goss, ; Eharolds: e025 a0 0s cde) en ite ee OR pe Univ. of Calif. 
Grace Ant Wie Se as oe a a Cornell Med. Coll. 
Greedy, Erving S0ce 8 Pegs ee ae eee ee N. Y. Univ. Med. Coll. 
Giaeners James tI oot cee ae ee ee es aero Univ. of Calif. 


Graham; (Bivarts, (Ase) eee 2 ay a ene one ae Washington Uniy. 


MOEN RESPIR ONAI Vy 2h ytd ecdessrce ose snsevavercvavcsasddendcensteqaeoecoserosncesanves 
TN ffs dp sti tecdhutevenri come disinass suse sesserusveonashres 
SIT PUA ee ko Pare Vs vaselosuensoceroesnarsovshvornssvasonend 


Gray, John S, 
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Serre Univ. 

_8t. Louis Univ. 
ae _Stanford Thosp. 
‘Northwestern Univ, Med. 


A ieee voor d owish Hosp., St. Louis, Mo, 


OO 


NE is ise 2h. waste vhssvospneesivopscrosaraeannasvacsoroatenoe 
ee cia daca seat evbrovicaciesieudéscesbbccrncaveonazensoy 
DUM ID ENO Ms esirycckenscsovscesssssv0b oreozenssisSessternrenersrinnessorenevenrens 
Sains pss cnysnsarnsseosensschoasritncoo senate sarvazsobsene 
MRO MNT ID Nc, sarees ssn ssiznderdostvessoososcesceorvarenscarersesrice 
MPR COMMEMICU CAS isscieches-.ans.tssessrcscseveeoseasessesssssuserioaieeneaes 
(RAAT MURR DNON 5. fon 5c02cshsnnncrarecossacisdanensesooneresernenrena 
GROOM WOON) IAI A iss.0.2:200-scnvesieneesoneer 
Cosg tll, (US i a 
Gregersen, Magnus Ad, eet 
(aro) a - 


Gregory, Louise H... 
Gregory, Paul W... 
Greisheimer, ‘Esther DM... 
Griffith, Fred R., Jr. 
Griffith, John Q., ‘Sr. 


Griffith, Wendell aE Louis Univ. 


Gvisisen, K, §&... 
Gross, Erwin a. 
Gross, Paul... 
Gruber, Charles M.. 
Gudernatsch, F... 


Guerrant, N.B.. aimee se Syaetee 
OMAR soso 2. cena ccdsbed-nssenesrondardseeindinys 
Gurchot, SL a ae RRR ANE ICS 


LS. bons aS DS, Tee Bn eee aoe Univ. of Colo. 


Guthrie, C. C.... 


Gutman, Alexander AGES AS aS ee _.Presbyterian Hosp., N. Y. 


Guyer, Michael F.. 


nn 2 
I fasten Sophde croc lkces lig doo ndensnenep snvonadennsne 
Haden, Russell L.. 


Hadley, Philip... 


Hafkesbring, H. Roberta... py a ee _..Woman'’s Med, Coll, Philadelphia 
LST Bie SS a te eS Dae ene ‘Cornell Univ. 
_..... Research Div. for Chronie Diseases, N. Y. 
SSR RSA oper eh ee Hebrew Univ., Jerusalem 
SR re eects ore dite, State Univ. of Jowa 


ee Ae eg Sy beers oi Univ. of §. Calif. Med. 


Hagan, William Arthur......... 


fewwenterre sosnsircesrsraree 


: - a Anse dante aes es resets ese aen eee etnen best 
) +1 ee eeeeenees eres case enee 
fs 


Univ. of 8, Calif. 
Western Reserve Univ. 
Univ. of Minn. 
Univ. of Calif. 
... Brooklyn, N. Y. 
Yale Univ. 
_State Dniv, of lowa 
i} Y. Univ. Med. Coll. 
Univ. of Kdinburgh 
~-SSquibb ‘Inst, “New Brunswick, N. J. 
COLL, of Phys. and Surg., N. Y. 

a ... Western Reserve Univ. 
"Barnard Coll, Columbia Univ. 
Univ, of Calif. 


vvinvitussinn Women's Med. Coll Philadelphia, Pa. 


..Univ. of Buffalo 
Univ, of Pa, 


Univ. of Chicago 

Ps _State Univ. of Iowa 
LW. “Penn, Hosp., Pittsburgh 
Jefferson Med, Coll. 
..New York Univ. 
Penn, State Coll. 
_-Northwestern Univ. Med. 
Univ. of Calif. Med. 


me . Gridley, Tl. 
Univ, ‘of Pittsburgh 


...Univ. of Wisconsin 
Western Reserve Univ. 


Med. Coll. of Va. 


DL EEER Los S. bated erat reer RV ONGHA Clinie 


..W, Penn. Hosp., Pittsburgh 


Coll. of oe and Surg., N. Y. 
vadhede New York Univ. 


tied toad pStbak Eats ech docnsoneransn aes Stanford Univ. 
sebnonteshotentnbnnentncnttassencesirsetatne Louisiana State Univ. 
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Halsey; “Roberta sees oe sas Reece ee een ee at N. Y. Post-Graduate Med. 
Jeo bouire ery Wiel bere Micacs eee ener een eet sen Western Reserve Univ. 
(fami tom, ae eee s A Dir hl OS SEM. <0 5 Be IN ne SO ars Chieago, Ill. 
Flamer: 7 Bap Wiens ees ea en NE een Iowa State Coll. 
Fla inpelsisG oe W seats PW rea eS ay ae 0 American Univ., Beirut 
lari 6 yO ee Se pate Sires ean ete EY eta Univ. of Oregon Med. 
fa ex Haran Keli Ngee ee pe oe ee Presbyteriav. Hosp., N. Y. City 
fankes: Martin ee Soe oe a ae ee ene ee Univ. of Chicago 
Ebsinikigo)\s MEL Ss 5: 3 nee ee ee ete ae ea Culion, Philippine Islands 
bc Kh ab aL0y dhe geal a ecaee ten ea yee, Boe eee ere mule ela A Cornell Med. Coll. 
Hansen Agri dis Hye. eat ea Ne 2 Se ee Univ. of Minn. 
Hansmann;) Gro He sae) eee ee Columbia Hosp., Milwaukee, Wis. 
Jeena] SECT aE ocean ea eee oe eno a Western Reserve Univ. 
da keyrveAll :cugl Cis Pee berate te san hs 2 uve eel Pian, eee) lata Stanford Univ. Med. 
fords tie eee ROL ee Sete itt SEARO OO COR ETS Pasteur Inst., Paris 
‘Huard ydecD os 2 ae ee ete eee eee Cornell Med. Coll. 
Hiarkavy. co OSe plies ee cs4 es Soi oeen os ate see eno gt ears Mt. Sinai Hosp., N. Y. 
Harkiris; Elen y: AN seats test cece Berne me seen Henry Ford Hosp., Detroit 
Harned, en Keen es Sp cae ne ee eee Woman’s Med. Coll., Philadelphia 
Harriss Wea ace Se) bs eV) oh ee ene eOaee I. ena Tuckahoe, N. Y. 
Harris, Meévert Mit ce ieee emo tes ess N. Y. State Psychiatrie Inst. 
Harriss Willian el et 08 oe ek ee ee ok ce ae ee ene ee Tulane Univ. 
Farrisons iio Giy ee eee BO ene rene Waite VOR eee en ok El ts Yale Univ. 
Hamrrisongalvol and GWie- 225 a8 Perec ee ee Se ee ee Univ. of Chicago 
FLEET Osi GOORSCEA Gs ies a.) oe oe en ee re New Brunswick, N. J. 
Eb ecrrro we -anverly ana tee-c kN  e  e Coll. City of New York 
arch. * Eig watt SB ee ach 2 eS aon 9) ee nig eee Univ. of Wis. 
Ehart, sGeorce mE 2. 2.2/2 pat eee ea ee ee Univ. Farm, Davis, Calif. 
NED aur tr aries CARESS 20s. SSA ah pies Eee Rds 0 a Ohio State Uniy. 
HeLecrstirih arn’. BE PaNN eee xt ke te se Sey eed 2 ee ee Ford Hospital, Detroit 
Marveys: Th. IN@wtonk:s-see4 2. od kee on a ee ee Princeton Univ. 
Harvey Samuel es. 2.25, Menke 50. coe eich han ees Yale Uniy 
astineg: WA“ Bart di..et 20 re ol ok ee eee eee Harvard Univ. 
blasting, sic Gita ke a ae cee AUS oo os ee a eer ee eee eae Univ. of Wise. 
Materiuseieh. WO we eee eee ee ie Aad Pay eee nee eee, Wayne Univ. 
Hathawalyes sii dward ci =n, ea eee e~ Saenee Renee ee eee Tulane Univ. 
Hanty yg Gre eee oe oo ER SS ee ree Jefferson Med. Coll. 
BS i cAe dee OW 9 be Seen eR De es Se: ie ea Ne Yan Gilby, 
Haydens* Charles it ee ek ee ee aS Cornell Univ. 
Fava: (iV sal ek alte! hl Nek Re, Cok, ca Western Reserve Univ. 
ay thorns Sam Uelsiic se eee Singer Research Lab., Pittsburgh, Pa. 
Heenaner.e Albertine! Manca. Ontee oe We 2 tole en RS Sa Syracuse Univ. 
Heidelberger, sMichtel 2.2.2. = ee Presbyterian Hosp., N. Y. . 
Heilbronn ya Vs en oo ee eee ee Smee mens ree Univ. of Pa. 
as Deyo cych oye) Bee Gear eneo eens ery ons tens eres Pa Sas ee a Columbia Uniy. 
Hembecker, iP eters seats) en te a ee ee ee Washington Univ. 
Feinile, = Bess WW caice. ee deh ce cu teed ape cee eee Western Reserve Univ. 
EL elit "Osc MiSs Ae Si oie tL ee eee New York Univ. 
Helilbatm, -Asthiarg Asie ie Bae eo ne ga Univ. of Okla. ~ 
Hellebrandt,, ces iAgsi e220 i 2 egret Oa Univ. of Wise. 


Ele limer, Or Mi po eae oc eal 8 Indiana Uniy. 
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Titelicaiivellg, ] levahie\ yal SII I Se i Sy EA ene oe ne ee ee Mayo Clinie 
LEICETOULMWE a, Ahn a 8 A OG a Univ. of Minn. 
Je (eit ses 15) 30 (re re BS LAOS Oe ce eee a ea eee Univ. of Texas 
TELOTET chy VAN EG OV iN Ge Aa ae Univ. of Minn. 
elas Monty) LE: "Soe ae Nat. Cancer Inst., Bethesda, Md. 
Telesalhore,. \Q) eee ORS gee Northwestern Univ. Med. 
Inari, Cyl John Sealy Hosp., Galveston, Texas 
aRraPR IMM TES SO UE) pen AE Fol acon eb ivancadescaccantthoaeeusice-cebandeote Univ. of Ill. Med. 
JEkcolivaevne itil, JAAS 12) cae Rao em ee St. Louis Univ. 
Tigre gricl,, Ue Tacit (12-5 3 a IG a a ee a Georgetown Univ. 
LE esis, Noni CR. oe ee ne ee ee ee Georgetown Univ. 
JESS Is). WEI RBIE IN a. cok ce a ao Go re oe Hamilton Coll. 
Laegeieliinis, “Tals (Ch eles eee ae ere Pe Univ. of Chicago 
VEUeNgenitl),, BL Je 1200 a Towa State Coll. 
Talesvcsiieval. Viator Western Reserve Univ. 
JRReyicetnchy, ol), ACS. Sea eee ae U. de Gand, Belgium 
TWiureetigncsa!. \\Vo, JAS. eee ee ea Purdue Univ. 
TSE. 1S (Css ll eg ne Creighton Univ. Med. 
JSluikiy TESEP@, 2050) LOL: 6. es RS a ey Ree a Univ. of Colo. 
Jeti coll,” (GL 8 aS ea en Albany Med. Coll. 
JE buiness, els IM. Sec ase aa ee State Univ. of Iowa 
IeCinaime dit, 1 [Eee oar eee ne Wilson Dam, Ala. 
Ishusrmmena,, 101i ke 2 ee Univ. of Calif. Med. 
IStiiaieneing, Eve) NG i ee ee ee Carbondale, Ill. 
lntigesy, dC ES Ai Pr a nL a Cornell Med. Coll. 
lebhpe dna, BL, (Oho scat Be gi ge als ec ne a Mayo Clinic 
Teilingolnitighhel eo YAO) 00 eae ec ae re eee Uniy. of Minn. 
T8lise ve, 16", 10s, 2, oie aa a eo ee eS Harvard Univ. 
ISUHRGI OG, UNE eS lea ane eee ep Ohio State Univ. 
gugiiend), CL 10g: Se ee ee eee ee are Rockefeller Inst. 
(HlOloen 1 Nvevaloll Ss ele ee esas eee ee oO ae Univ. of Pa. 
JSl@loveacorese, AVE\O)a¢ 5) Ra Sn ee Uniy. of Calif. 
Jnigiiee, 180, Ce co Rea a Univ. of Rochester 
T@ey oes TR, lL OR, ae a nO Peiping Union Med. Coll. 
THEORET, WS) ees oe An ee a ee ee Chicago Med. 
Laleyeudeny, BLN O NE) CC ALS Univ. of Mo. 
ietolkers IL (Ge (QE. Se anne la ne Univ. of Nebraska 
Jeol evens leo are eee BL hag ce ae Pee ce ae National Inst. of Health 
lnkelleyndorh Vigra s ihc ee Mt. Sinai Hosp., N. Y. 
ISOlia, (CO Dept. Agriculture, Washington, D. C. 
oe Stanford Uniy. 
TRUDE fie, “ea cece See ee Univ. of N. Carolina 
TShanibaaeayiy, NY, LD eae asa ae en Uniy. of Toronto 
TAO, IL Spi et de en re Johns Hopkins Univ. 
ATEN Hee VU) AVION UT YON ooo ee ce ceennce ccs ee sence annie .cdpedeapsetecsae-nse-nese Univ. of Pittsburgh 
TA bool enc, (SPs aie e(0 1] Se eee Boston Univ. 
IB ko yalseinassly 5). (Chane 6S Columbia Univ. 
TESS HSptSILNT TO Lie ak en Rockefeller Foundation 
Te tores! Se; lls SNe) hee St. Elizabeth’s Hosp., Richmond, Va. 
Tebow? INL, SC oc nn Elgin, Il. 
EEN) ilcsiomessremmy WaT ARIE ee ao ge ee cca Univ. of Calif. 
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How, WElsvanos@ lanai ts eee ee Lester Inst. of Med. Research, Shanghai 
Howrey Ei Air see sree i ces en ree eee cies Johns Hopkins Univ. Med. 
howe ;e Pai)! Cbs ote ce, oe eee Dept. Agriculture, Washington, D. C. 
DB Pap 7c Bot KGAAN Pee Cote eR SLIVER ene ee eh deans Michael Reese Hosp., Chicago 
Howitt, tBeatrace hits cor 028 2a eee ee ew ey fees Univ. of Calif. 
Ehoyits WAmSomrg Psy ccetire ere satires et one Sl We alee Univ. of S. Calif 
Hs Hoth Oral & Deeley MURR EMEA Abe URES ITE a. Code kee aerate Peiping Union Med. Coll. 
Ws Eo Paa CF :Ce tel gS eet Nee ee it Saar le he Soe Peiping Union Med. Coll. 
DSU sHolopyeOly MOONE ss hee eae See eet Smeal Or, Pierre ae Buffalo Gen. Hosp. 
‘Huddleston? Oya, als. s0e © tee vie ere ere eset ee ec 2 Bah ee aa ee Univ. of Colo. 
EhadsonJ Na Panuliee eerie: Se ee eee IN es eee ee ease Ohio State Uniy. 
Ie Rbledscholctep OA oul e nates amie Bas in sree Ui L NED ye ey oo eee Uniy. of Chicago 
Huchess 1 Bhona asm brs: © acs semen te Ate wee tne Ulan eee Uganda, H. Africa 
He peared cu igen itn keel « eben ae ene eee sce eee ink Ne ree RP tN Univ. of Buffalo 
Hamiseie te Ey eee a eer eee Braet Western Reserve Univ. 
Hunt, Reid Ne eect a NUE TR INE Ee De NY Satie) Os Bet ato tt Harvard Univ. 
Hisey: favs Taia oY 09010 eee Me eta oe me ty PR ere Rg 2 Oe oa Se Baltimore, Md. 
eee DSA & aie a eet dR aaa, oy eee RR Pee not AS ae BA Med. Coll. of Va. 
Torre, “Wialltters tet so eae etek ee ta alee eee oe State Univ. of Iowa 
Dr wilta ESR ee 32 ire eT alos Sen ML Se ha eee Univ. of Wise. 
Taiwan: Seba io ee Ake a ke Rk tee ARE ee mieesis Sr New York City 
Tigaies.) vaipolieie leer se earn ese re as eres ese dee BY eee Chieago, Il. 
Tnvay, Amidneiwg Ces ee een eee aeRO et pw or ea aE Meant 21: Northwestern Univ. 
ackson Ogee! 2 Beet pees aes ee 2 en ee a Univ. of Minn. 
JaACKSOns 1) Wee De IRN ee Soph Sareea, IAN Te Mire Univ. of Cincinnati 
Jackson, Richard W........ we Sot dT et rae ee U.S. Dept. of Agriculture 
Jacobs scklenty, Rakes ox ain cee ae a eee een rege eee Evanston, Ill. 
ALE Too apt a Nac Biel > ae re ieee Rima Mae tele Peete EME eal Ui oe Oglethorpe Univ. 
A) Ey cr0) oat By g Dep nes Dare Sonam ene cre] Mec DRE Cue eae Shea ests, eS. 3 Univ. of Pa. 
Jacobs, Walter A... Ba hey Gas 1) Shiels ..Rockefeller Inst., N. Y. 
dade, eben Iiraks fete ees ee ie eee Dios: ‘for Joint Diccanss: NP 
Jalon, Sb eo dorenli. eeee Ce Se see tan nek are sree, Gee State Univ. of Iowa 
Jiammeso my ME TLOUG es Ie eee Sec el ge eel eae an SL Stanford Unity. 
Jeans iP nila Wiser pee eee ate eee eee eee ers ..Univ. of Iowa 
JenMINes, ELAS .ee eee Siesta ie eR et eae ie _Univ. of California, Los Angeles 
Jensen bl aticnt), Sew ae het eee eee a eee Squibb Inst., New Brunswick, N. J. 
JOP MEAS IAG W eee ee ak a ie Se ty ee Columbia Univ. 
ero TTL Lit ci eS SS OE OPIS Ce SL i ine Pee Vanderbilt Univ. Med. 
Johnson, C. A............-. ae esd he Saleh Na cGa tah tS as ea Uh ee ee Univ. of Chicago 
Johnsons: CacCe vss he ye Gly 17 ea ae ee Univ. of Utah 
Johnson MAC ee PRR PMN Nem, Pat 8 IS tt Princeton Univ. | 
JobwaSomis MUN cS ee Se ce ae et scm ee em SP Ae oe Yale Univ. 
John stom! CG BOs a ee eet Oy once ae Oe ie Ae aa ee BO Wayne Univ. Med. 
Jolliffe, Norman H......... rm eeepe rete Pees ees Soe N. Y. Univ. Med. Coll. 
JONAS LOOM ey oA cae ar agad lond tis ace te te ane ei aR CD IVE Univ. of Pa. 
Jones,) David eee ie Se a a ee U.S. Dept. of Agri. 
Jones\s Kenm eth s IG 8 cat ee ia oe eee eee ee Northwestern Univ. - 
Tomes Mie Ris: tae ers oe Ie Sea lik a ate: See oe eR St. Louis Univ. 


Toray Hes ashe = 2M ose ee ey oe eee a Re Univ. of Va. 
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Ai sio0e 1): re Barnard Skin and Cancer Hosp., St. Louis, Mo. 


Jeptiew,, Ui UP) ccna] ee i ee ale a Harvard Univ. 
Chai SCTE. coo ee cL Oi Me BSED SS Rese ne i Beltsville, Md. 
coiiises 18s. ae Oc ee ee eae Univ. of Calif. 
oo ifiluaae't) Vey 101 ee hea as NS SUE Washington Uniy. 
Jung, F. T... nae DEN, ao a ...Northwestern Univ. Med. 
Jungeblut, eee He al pe oe Eda! _Coll. of Phys. and Surg., N. Y. 
Ke LOL DARIO gs OS eae ...Cornell Med. Coll., N. Y. 

ISU) 1201 ee ae ta Hosp., Ann Arbor, Mich. 
Kamm, 2 ..Parke, Davis & Co., Detroit 
UD nl) ACES oe oa _Mt. Zion Hosp., San Francie 
OEGaee Ut a ANIC Ree ea encase cee eecnceeaenteonnsacstencrerenee- Mite Singt Hosp., N.Y. 
Tear vaies’,. L, AES a Western Reserve Univ. 
Leseiisice (GAEL ang 6 tl Tulane Univ. 
Iti Whe NL) oe er Michael ‘Reese “Hosp., Chicago 
Katzenelbogen, S........ was Sberecy oh eA Pe eA Washington, D. C. 
TQ shai@ ol. LPT 0c) VERS ene nee eae St. Louis Univ. 
LN GEa ein! (CIRC TORS IEA oe ea eer eee ee er eet Boston, Mass. 
PMinciira. ehneiriee _\Y/iSsighg1S aaie SS SSae oeeee ea eer ee Univ. of Tl. 
JS@YL aS, LS 2) 1 U. S. Dept. Agri. 
JS 5, VW ce Univ. of Wise. 
Je) oar UES 1 AS ga _.....Univ. of Alabama Med. 
Fenian Gr Js. cao! eS SS Uniy. of Georgia Med. 
TAO) LERETGLS ae 25 i Re Ohio State Univ. 
UC e)R06.) 1, AMULET ee a ec ee Northwestern Univ. Med. 
Kendal, i. ©...) ...-..-...- 2 Sa et ot MEE ane eee oe Pio Pee Mayo Clinic, Minn. 
[aco Ly, DSSS see OS eRe Douglaston, L. I. 
Tarte, NO TM I ee Univ. of Calif. Med. 
IN@ES),, GSN) 0 ..Univ. of S. Calif. 
TQGESeo 1, LEG 1 DACs ee ee Coll. “of Phys, and Surg., N. Y. 
VG OLB) JANG) on ana oe Se Washington Univ. 
TSO. ALCS) oo Aa ee Univ. of Minn. 
[S20 8. DLO. (Ci. 23. en Rockefeller Inst. 
IST ene diy Bans SL cn ce N. Y. Post-Graduate Med. 
UNUDSM Goi, 2h 5 coal oe a a Univ. of Va. 
Keine (Charles? G..2:-2... sad gh EE Sey oe ROO Sot Ree ao Univ. of Pittsburgh 


BSI CoP Pe TT LN ooo onc cence ace ne te toen nerauccuducesnaess Wistar ae Philadelphia 
PE re eG a ape rn os Soke ce cect heatneccastterdssenenten es miv. Of Minn: 


Kinsella, Ralph A........... = nate rte aoe ce air hc eee eee AEE St. Louis Univ. 
GHA G, al _...... state shee of Health, Albany, N. Y. 
TASS UO a rr ...Beth Tsracl Efosp,,, IN. VY: 
TP Sen» MIPSC. Os 7 Sa Sn Univ. of Calif., Davis 
Pallas Tle Sha = Saige ee N. Y. Med. Coll. 
TS LouibooiSnire, IN Gil 20.3) ee eee Univ. of Chicago 
UES es Vea i ieee ce eee ti. ebrew Univ. Palestine 
TSUN, 13 SOS 2 eo cr rr er Mt. Sinai Hosp., Cleveland 
TCS, BL a Uniy. of Chicago 
TRAGER. 12S UR Ga oes Univ. of Louisville 
USNS THCY, TEENA SBS ge ae Syracuse Univ. 
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ato wtomy: Geka pes oa Pe ws ee =A ot tae State Univ. of Iowa 
Wontidsoms «Athi 2 peek eee vat so ee On eee eee Albany Med. Coll. 
LEY {ca edage oe akil bn oye: Wa eRe sot ete sme eee nb) ent oa eh ni tate a Detroit, Mich. 
HOC Ys diate at sey SO me ae eee en nt en eR ae Univ. of Chicago 
Kioéliler, 2 Adiie de bios 2. ok. 8.529 bees etn sees steers ey a Santa Barbara Hosp., Calif. 
Kofoids Charles vA ssstteste 7, seers seer sak erin 6 eee Univ. of Calif. 
Keohiti ® drome pllitstc tee tec ree ee eee eee Mt. Sinai Hosp., N. Y. 
Wolimer; > dio lana! Airs. sos, oan ea ce ee aie ere Univ. of Pa. 
Kopelott Nicholas 2%. 225s ree eee ee cna Psychiatric Inst., N. Y. 
ISO PPAllyas VPM COGOLE ce ease tee eet ree anaes SN Georgetown Univ. Med. 
Toms; HELO TAG MLE zzeereeo tase oe ae eee ee eee State Univ. of Iowa 
Kroger, “Ste warttiescis.. sscict pda ae ore ice tee ee Univ. of Chicago 
(Roster el inva ce cope ne teed eee ae ee meee Crown Heights Hosp., Brooklyn 
aCGiushantes gualoccva(spenlGoleee ee Were Md pe ce -1 2h preter a tice aercer Brooklyn Jewish Hosp. 
Kramers: 85. Dit she aol een ere tee Dept. of Health, Lansing, Mich. 
Krantz an Com eh tices uc ei ee, ie et eee Ne er ee Univ. of Maryland Med. 
Krasnow, aber perenne Nig aR be, eal Meee Guggenheim Dental Clinic, N. Y. 
TIC PIZOU EGR; Noone tees Arent cata axe Adee) ae err IS ee ee Brno, Czechoslovakia 
Kronteld SRi Cis, spe eee oe oe Peiping Union Med. Coll. 
Farec er: Avan Ate eters ont een ee Saal Ln eee Univ. of Calif. 
WS 0-124 -1 R o O\) IPESD MReERAELAS E =. EDA Ss SE ts Ot eas Semen ars, St. Louis Univ. 
HeGhagphanle} ati) dyin peal c-Si, elem SMaNe eee are Nee bene lvl oe Ghee Univ. of Pa. 
Kertisey: Dae pln Se Epes wesc eee oe ee, Sesh Univ. of Pittsburgh 
Kugelmass, I. Newton................... eve ae ERA 2 one: Seah ee N. Y. City 
Kunde, Margaret M... SiN CA See = Chicago, Il. 
FOU tz MOS 6 oi eee edtet ss scot ee eee ee “Rockefeller Inst., Princeton, ING dle 
Ketintz;, Aer ee cca ic eceac ac eee a eee St. Louis Univ. 
Gebel aici ol Wage Wnt ae ena Wie UL ST Ipoh ..Lederle Lab. 
Kurzrok, ean PAP es ENO ae BM oh A Pr ee Son of Phys “and Surg., N. Y. 
Katiner, (Asin GER cate oe IN ie 8 ee hs ce eee ee eet eee Irvington, N. Y. 
Tee Woalllivenrina 0 eo oo. eo he ge ee Cornell Univ. Med. Coll. 

Tbambert, BivAw 2... Se «51 le oe Rockefeller Foundation 
Lamson) ales en ste oe kee ee ee eed Vanderbilt Univ. 
Lamson, Roberti Vieni ate iets eee oe Los Angeles, Calif. 
anecetields a1) yi. cee ee ee ee tee | eee Queens Coll., Flushing, N. Y. 
Tantdis «Carnes ect ns os heehee ee Psychiatrie Inst., N. Y. 
BET oY LAs codhe)yx fi) nec eke nee see bee Me ner Oss: Derk Mie veecbets Univ. of Va. 
Tend sees ac ee ere a dao et asa oy 2c ae eee Walled Lake, Mich. 
Liandsteimersm Wear We. mites) eee ey eam re eres Rockefeller Inst., N. Y. 
hangstrothy tovelliee reseed. ca eee ernie eee San Francisco, Calif. 
erreur ING Wises eoeeassete, ese c. soe far es a ac ed Army Medical School 
Toansells \Olat ee neyo 2.8 ci eect ale Oe a Univ. of Oregon 
Ih dara AA Orig phe pacen eee eee ee Rar teeta ensenraeciker sy et Tahe \one College of the Pacific 
arson y Wid watts ste coeetnc ae eee oe ees Temple Univ. 
Larson, Jolin) (Ag 2120 Sete tect, eae ea Oe ee Detroit, Mich. 
Tyarsoni RO. cep actu ted eet ek etn eevee ee Med. Coll. of Virginia 
Tearsony (We pPesitcc3 58 secrets tee eet fe ee Univ. of Minn. 
Darurens, « Elena ys 2 xt 25 acest ate eee eaee me eee ee se ee Tulane Univ. 


iavyren ce) 3) oat Eo pause. aec tae ee ee Univ. of Calif. 
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JLB YER y TB] Sh07y of8 Vern ENG EAR ep Be ne ee Univ. of Louisville 
Hlesyoleeey. (CLI) J SE BEN Sa no ee Univ. of Calif. Med. 
TG, i, SES ESS. As eae Hygienic Lab., Washington, D. C. 
ILGige TP CrP SERS a0) (TSE as Sa el Johns Hopkins Med. 
Ware, IM Dia (Dec ee dee ae ee Harvard Univ. 
Loar ae, CIN caine! tl De Ee ede a eae see eae ne George Washington Univ. 
TLelmee sa, ANCA 2 LASS Aa ee Wayne Univ. Med. 
iLaetbonn, Loupe: 0 UME I a a a Univ. of Chicago 
PASTEUR ES. 5. US IEZ esi ee pa Rio de Janeiro, Brazil 
Leerids, (Ct Se ey ieee cee re eee Univ. of Vermont 
TOROINIRC OS. LEE OARS eS SSR en ne ee ee Cornell Univ. 
Leonard, Veadev......... «tee Mire ES Sn RR Johns Hopkins Univ. 
Vieraual.. 1L:00)1 (SL eee eee Coll. of Phys. and Surg., N. Y. 
NDR Uae am a NOT NINN SNe ooo emcee ba enn sets nenebcoenecebenseneccieesnents Alexandria, La. 
Toeaeagmi, NR a I 2 eee ilar Oe a eet ee Towa State Coll. 
Je sintatey, UN COGS een ae Montefiore Hosp., N. Y. City 
Irom, [Pailin MEL Sa ee eee Beth Israel Hosp., Newark, N. J. 
TU) ek nC) eo ae Michael Reese Hosp., Chicago 
TOV SWTave., Se eu 7 eee Cornell Univ. Med. Coll. 
Iie rie. WCOre [Be ESSE os eee ae See een eee Creighton Uniy. 
DLS WITS hd, GILLES): eke RS Univ. of Til. 
SS See ae N. Y. Univ. Med. Coll.- 
ibem: Lucente Oe ae ec ne ee Presbyterian Hosp., N. Y. City 
Tngvene. Lo) evyahieh ah a0 ee ee Univ. of Mich. 
PILE) Ue 0 ole ee Ue Noe ee Se Univ. of Nebraska 
TL yey NUNN CI Ee Sa A ee Univ. of Colo. 
TSC, RS Se Sa Se ea Mt. Sinai Hosp., N. Y. 
Ir, 18. (Co ee Peiping Union Med. Coll. 
JUNG easel nel 100) en Hosp. for Joint Diseases, N. Y. City 
ILAGIG EL, JEL. $Sisech rence oe See ee Cornell Univ. 
iOatelty (Cl, C1 0 2 as Se Re Columbia Univ. 
Tonullice? Tsp lic: 14 5: lac ieee Oe ane ee Univ. of Chicago 
SLAW, “Weel oss {St ee 2 PS Se Univ. of Chicago 
Titi), AC), 8. oa rr Peiping Union Med. Coll. 
TE a, LAST N ET eS Peiping Union Med. Coll. 
Iunemimecnaiiy, (Cl: OSs se So Washington Univ. 
OE cane cadena sdusenecnnnsnpennesantectsvnnsnnll Brown Univ. 
ES Georgetown Univ. Med. 
Tamitony Richard) Wi...» -Biochem. Research Foundation, Newark, Del. 
Viniyasenyniny) (Oa dU SS0 BYe ns eee ee Univ. of California 
Tetnoregl wii, Aye aectere seca, a ccc cn Santiago, Chile 
ES Se a Bar Harbor, Me. 
Spay, GUNN Lea, Peiping Union Med. Coll. 
{Silay SSyAVC Nes legs ee ee Peiping Union Med. Coll. 
TVG GIGS, IN SPREE SN oR A ae W. Pennsylvania Hosp., Pittsburgh 
ST aU ans a a ao gab dace vachesadscadsecnencs Washington Univ. 
Legals nolo cla Noe a ee Presbyterian Hosp., N. Y. City 
Se NMR ED ono 2 cas cecphnnsteengancstdenenensaencinesed Cornell Med. Coll. 
pe EE Uniy. of Iowa 
aoa codec aco xedoncancnncebeannecandnndonsneesckeeomenns Detroit, Mich. 
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Woewe; =Sieririedssuee cht ce Sh a ee oe ee ee ee New Rochelle, N. Y. 
Does a Pe! IBD: erence ck A Nene marae ere eee See Le ae UN Nhe Univ. of Cincinnati 
Tiron Lora NES ES ae Ss SS fe 8 RE eee ee Leningrad, U. §. S. R. 
Dong Cli NG Eee ene sae Se Pp SRN NE fe et pe Le ee Yale Univ. 
U Droyayegee Wau) nates. va amen oer en mien ee Ie Henry Phipps Inst., Philadelphia 
Long el errin ly ies een eee so 3c) eee eae eg eevee eee Johns Hopkins Hosp. 
Longeope, W. T..-2.... SE cee a ee ie Johns Hopkins Univ. 
Longwell Bi Beers esky Oe ae” 2h een Univ. Colorado Med. 
Brcxosavship4 ye ea dh) Cyne eens ease ee yee eee ac ee Sees Worcester State Hosp., Mass. 
Lorenz. Walle yb Gees Ei re sei a de ern eee Univ. of Wise. 
HOVE cma GUIDE: (Wm eee Dane ie eerie oy teemay Su my be emedomsees oes be Sue Eee Univ. of Calif. 
stu taas ISS) Ae ete dere tie Se see al eek Oe es ......Univ. of Calif. 
bare ke; J. SM rete yeas ces tare ee ha SU eee, Sener Stanford Uniy. 
Thuckes Bal diaitiate 2506 fc te Ree ee ete) Ee Hel eee Univ. of Pa. 
Tenvekhard'ty, AQHS sey eran Ge Aie esepy ee ate | e ton eee rae ee Univ. of Chicago 
Dyed emas SR sy PS ae te ee Rosario, Argentina 
Tguie tha, SRC Ses ore Sete ae eu ot WL Ae eh | ce Nee aoe Seat ae Chicago, Il. 
Trurkeng UE ID Wig oe SRS dE aa see ae reas nee Univ. of Pa. 
Deptt, | AEDS pe So Re I Ala ee ed a eat ee ee ele Univ. of Texas 
‘[iuitie Vii, Bae erate © ot eee oy ce Henry Phipps Inst., Philadelphia 
a Biro ges ees Dre tee ke che wee ik ee eee eet eR eye on St. Louis Univ. 
TT ying Sin vie) Sa 2 Ge ee ee a ne oe ae a ed ne Ohio State Univ. 
ay chai Cl am ake) wee eee ch eerie ene See beeen es el Rockefeller Inst., N. Y. City 
BvOnS Wilde ne eee Ee ae Meta ere TE at Univ. of Calif. 
iN Eee oe Wallen |S sce to else eae ee ea yee Deak Univ. of Rochester 

Mic Cain o hain) Seo ee ee eee one ce eee eee St. Louis Univ. Med. 
Me Clendomeie Hirani cise. 07a een peer ne ete Hahnemann Med. Coll. 
MeClintockey Solan hei tien) 2° 2 eer). Rael wi oir tae Ole melee Univ. of Iowa 
Mic (brim es Tai Sete ios ee es ah caer a A a Oe Indiana Univ. 
McCollum "Erratic =< 22 RA et eee hed Bea sees Johns Hopkins Uniy. 
Mic Coys © lisence UR es a pk elo os jae A ees Univ. of Rochester 
Me Ou aio nos eR peo ee Cleveland Clinic Foundation 
MeCuteheon; Morton 2 ice hen 2 ger se, ee eee es ean Univ. of Pa. 
MeHachern, wore G eeu. ess eereent eee eee eer Montreal Neurological Inst. 
Mic Bilin ony: Wit Seka eer iat ps Peet ne Sear SI Univ. of Pittsburgh 
MeHwen, Currier)... 0.22.0. phe {len Sy 12) falas BAe New York Univ. Med. 
Mo Gintys Daniele At 220 fe8 ater bbe hee: San Flap ies at) aoa a Parke, Davis Co. 
BUCA G phe seh ove & sep eae ace pe oats Maes Oat ea | Univ. of Illinois Med. 
Melintesh Riusitine- hae) =. ail ety eck a eas ene eee Babies Hosp., N. Y. City 
Mee Tintayrce@ Aa bow ote i Lee gees 88 eet ea a Uniy. of Nebraska 
Miclive tse Mi oA tt Sea el are ee on Bassett Hosp., Cooperstown, N. Y. 
MeIenvie, JH Wy 28k 20 a worn el ica tee LE Utah State Agri. Coll. 
MeKulbben, Patil iSync = 200 ste), eee ee eee Univ. of S. Calif. 
Meaney, oC eee 1 a te Ae oe eee eet pe Uniy. of Minn. 
MeLean;, Pranklim ()o-. e-beits. 5d ease een ee os vn ae Univ. of Chicago 
McMasters’? hil ist 1) eee ee oe ene Rockefeller Inst., N. Y. City 
Mic Mearns sell NV fa 2s essen desgen de 2 oases ey SRS En Pittsburgh Hosp. 
MeNanght,dic-Biisccatest ve sections Scere ieee ae erates we Stanford Univ. Med. 
MeQuarties Trrvinetiin. 4 sis 22 cetera car cette Siena Wh ysey Beat Univ. of Minn. 
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Dviarpe WW a 8.85022 cake aA ES aan oe ee Se Peiping Union Med. Coll. 
MacDowell, E: Carlton... Exp. Evolution, Cold Spring Harbor, N. Y. 
heed Gute inva) (Gr Tv aS ne Calif. Inst. Technology 
IN eVeloni, 1D ty, eee ne ee Hynson, Westcott and Dunning, Baltimore 
MacKay, H. M........_____._.__._ Seripps Metabolic Clinie, San Diego, Calif. 
ilgili nd), (CL Giese eee de Ale ee CE eee Johns Hopkins Uniy. 
Mackenzie, George M...........-....-...-..-. eee Bassett Hosp., Cooperstown, N. Y. 
Miael pre iiaiti: 12) ae a a ania an anya West Virginia Univ. 
nileves Lael. (Chagves is 25k Re a ee a a Columbia Univ. 
EOIN 2) VG el ee ee N. Y. Post-Graduate Med. 
MMIEVOINniG her. VN VIG ceo Cl Sa Univ. of N. Carolina 
Wp, Th Cy casein ft Sai eA a Detroit, Mich. 
aN Gaoretiln, IP TO ee Ea en he ee ee Mayo Clinic 
SRT, UU, TP ey Cece ME ee ae Cornell Med. Coll. 
AWE Nou JRO Tah 5) 550) aka ane tee aA Venere 22 Pa Med. Col. of Va. 
Wiliaveriyen,. (Che OVtG Gy 1) a aii ap ee ae Cleveland, O. 
Malamud, William........... Pe ee pA NIM tbe) Caled Sey emmy 2 Worcester, Mass. 
Mia MTaeR NECK Oe eee Michigan State Coll. 
Weil gikovaieasy,, ak TN os SURI ae ee Waa A sh Howard Univ. 
Miailiginen, 10S eee INE NS State Dept. of Health, Albany 
IN MenbiaWarese, Je) 0 ea ee re ae N. Y. State Dept. of Health, Albany 
WMbaomuil,, Lovaas, (Cho 2 ae ge Rs Mayo Clinic 
LNG Lid, Lal ONRRh. cn: oe as ee ee re er eeeiee N. Y. City 
Miguel ike,, JGQ2), JSS ee eee Univ. of Oregon 
I bangs ANS lols dA at Lele La ee Ce ae ee Stanford Univ. 
iM Covangaceull, [Eves ia ANG l 1D) Se ee ae ee Syracuse Univ. 
NG nintat®.” UDG YARGLRS mes oe geo ee ee Montefiore Hosp., N. Y. 
Wehner ee Le ae ah ee BT New York City 
Le Nene a/7ii, IN IS pee Sooke ote hs Serene New York Univ. Med. 
DMlawesié, 1S, TPS 7 2S oo set gle ae Ree ee ee New Brunswick, N. J. 
Mapesheeis AN. (Cio ce eel cer ge eae ee na eo Univ. of Calif. 
Nias evel, 1) 6 1D eee ease ae ee ee eee Johns Hopkins Univ. 
Marshall, Max g SONORA Retire nto bey eacnutdeade Univ. of Calif. 
Avbateslne|l| NV ExGLe 18 2 Re Johns Hopkins Univ. 
NESBA ely Oh, dosed etre eee ce ee New York City 
Mamtins Ways... ole eee Johns Hopkins Univ. 
Wedd), GL) J oe Tilton Gen. Hosp., Fort Dix, N. J. 
TMi, SCE A 2 ee ee Univ. of Rochester 
Wileestoie, J VICTOR eee on Bethesda, Md. 
Wicuietsh,, TIGL 0) te Gh 2 he pe eee a New Orleans, La. 
WIENER lence? IN oe eee State Univ. of Iowa 
Nene es ME ec RD Ika National Inst. of Health, Washington 
IMleiceyy, VS@1iNiG Ne Ng 2 Ree Johns Hopkins Univ. 
BHIemOTE Rothe” Hie. NS cedar toa eee ote ae Ae ea Tulane Univ. 
WMG SBN BL, Dy ANS Cornell Univ. 
WWKerelas), | ligule TON al oe eee eee eee ae MeGill Univ. 
WFO, (Cones eat Lankenau Research Inst., Philadelphia 
RY Re lliGG, ai. IN occa eee ne ae a et ces Mt. McGregor, N. Y. 
WCE, NRT dst 1h eee 5 ee Uniy. of Wise. 


SG alley Ls, WW sence ose a a Univ. So. Calif. 
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Molen py: Fda eens, cco eee ces eedare sees ca teece Louisiana State Univ. 
Mellon, {Fislioh: Beis cack dca ei reat cerca carsene W. Penn. Hosp., Pittsburgh 
IOC O LG GP TR sic tas cache cant enc cect enn een ect cone ea enema Univ. of Rochester 
Menkiny Velie at is leet cra ibd eee RAL Ri, CoE eee ero Harvard Med. 
Menton, Marwde TEE xcdvakiciocuivencek ase Sete Peta accom eonte ee Univ. of Pittsburgh 
Morville Tuoi: Wi tesi eer cre cick hee ce aes Rosh a cca cence tome eee Tulane Uniy. 
Méyesipay iis Ricca ied Re eee cee eeamseteecees Mt. Sinai Hosp., Philadelphia 
Maettibn Stay Fic ces act cack eter reece rer ee eee Univ. of Calif. Med. 
Mettler A Ben. acc. ntact eee Ree Coll. of Phys. and Surg., N. Y. 
Meyers cA COIR hecho. cece teem eee eee acco eee Johns Hopkins Univ. 
Meee Are Bae shes ee canes ear e etc c cake SRO N. Y. City 
Mie yet ANS Wicd ccccauscens see ete eo Te Stanford Univ. Med. 
OVW CY aad OCR Perce ee pe eee Gt Ee Coll. of Phys. and Surg., N. Y. 
Mey br SIRS. eR oe a et oC, eg So Univ. of Calif. 
Meyer "O\. 0.2 ies eld eee occa een Raza cl ee cere Univ. of Wise. 
Meyer, Kovenock eee OF e reare cae a oie eee Univ. of Wise. 
NIGHRSLISS MESO MOL co cct ke Gercccce ore ee eect on ee ene Rockefeller Inst. 
Michels NG GAN SS Sato eek cecle sat coca teen cae et ns aie eae ee eee e) CEL NCD MNES 
MEL be tanny | WSS ac Retake cere reece Ae cc cee ee Univ. of Wise. 
NEUIBG; SW Rca cones cress thes os cee ee rnc Coen Cen nC nr en Re Yale Univ. 
AN BU Coty rebar: Waa Mee ea tcrate ere tae So Fegan Es eR tnd oe Cornell Med. Coll. 
Mibleve AI: Bless daciccnc tos. sacs ccbee ree rca SNe Seo eae eae Univ. of Chicago 
Miller, C. Phillip, Jr... EEN Rie te eer gt ie Univ. of Chicago 
UV 0 DCN ven BG dl» aeneranemete eae Ramet nie Ne whe, Lee ener age 6 Uniy. of Buffalo 
1) DUES RS Ag fra eeetieened Rabie vet Wee ne tsa Coll. of Phys. and Surg., N. Y. 
Milles dS ee Rsk Ss cee Se O67 ae an eee Univ. of Minn. 
Millen, Biren elimi cscs -tes aca cetteen coe nee ek oe eee Jefferson Med. Coll. — 
Millen ser eriahes ht ts <.2s.c.0 ba soe Rea eS ed en tee Univ. of W. Ontario 
Wier, GER sat he Oe at Reet eh ee Amer. Univ. of Beirut, Syria 
Mid Bey til icceere ete, oe OR, cece ete a ee cc eee Montefiore Hosp., N. Y. 
IMG ety 4G Bina Aa Races Ae Ecc eS Coc ne Re ee N.Y. City 
Minot:-Georoe teak cn) ick hk oa Se a eens Boston City Hosp. 
Mitesieys Aled ei 2 sk co, oe eo ean eae eee Rockefeller Inst. 
Minsky STA Sth tie es cites Seen So ee eR Jéwish Hosp., Cincinnati 
Miltehel, ah ceeds hs ti ccd te ea Be a GI Univ. of Illinois 
Matiohell sebvelanS otic Sec eie se ree ccc ac ne enact Mass. State Coll. 
Mitobell u@ co Wy eb sch ee hk nee tere. ee eae ee Syracuse Univ. 
MGTIO RHEL Ure A tet Scales. ts RL LE Ree OR ee Rahway, N. J. 
Wm BR OMS ye Bek et RS Sere RR ee RR Univ. of Calif. 
Monty AV EIR Rea On eo eee eee Jefferson Med. Coll. 
MiGonre ys Are ERR e eke. AE ec aS ere csc Univ. of Oregon 
More; (Ost) HR crea ores. hs ee ee Univ. of Chicago 
Moores Carl aiet Jace cad ck eh ee ee Washington Univ.. 
Migores MoM a ccc oN obit SDs ke IR Gee ee ee Uniy. of Oregon 
Minors Ray Ave Soccer te ee a See eee Washington Univ. Med. 
Morales- Otero; Pico kee School of Tropical Med., Puerto Rico 
Morenn, Ay Baath ek nt Se eee ea eam ene Univ. of Calif. 
Morgans hs ER oe ao Se net Ao eee eee hare Calif. Inst. of Techno'ogy 
Morita Ac TR Sats. cok oc eae ee eee cee Harvard Med. 


Morrell: 3S-As «ec neel tent os ee ee E. R. Squibb and Sons 


Members’ List (ALPHABETICAL) 409 


ESGECG Gs, ANIM?! 1p a Aaa New Haven Hosp. 
TE et@Ne LEG OU eI ALE ee A a Univ. of Rochester Med. 
Ibo srniligili 1h ky he. 2a ee a N. Y. Post-Graduate Med. 
JON Dis UNOS 5 coat Ae Peiping Union Med. Coll. 
HOEY CM@OrCULES 18 1S RnR See ne N. Y. City Bd. of Health 
BNE res OIRET Yett(RROROOOEE CMEC ee ecg cuck pene Sectcacertnseanscenses Univ. of Pa. 
TWalyiyece <0), SSS: 8 ce Meee an ee Univ. of Calif. 
Wbegesladl ei) ofan TCs Phy ie ena le te East Lansing, Mich. 
VTi ihe Mra tenmme MM tad CE Vor RUC Sec cece sacle cccseacecitlctdta di docwensendevoencenenscyepensncvanevescace Harvard Univ. 
IQUERUTING) Sls Ga apc dec eae Coll. of Phys. and Surg., N. Y. 
STi cet MMR MRRP ot cco atc Sop un sccnctccsoncdsvaceancosdsasbaestante Western Reserve Univ. 
Taber. 0 TS as lie et a Carnegie Inst. of Washington 
AV USC MEamR RRM Me Se ce suntan ac cece spac -aaetnnchscacenaeapucccrascneedevseeese Univ. of Chicago 
Wanner. “vrs, RISK CnZ0 a2 eee eee ee eee eae Western Reserve Univ. 
MUM Py) On Ske) Tha ce oa ane tO a Univ. of Rochester 
STU Sarai OMAN ee oe 2s ee Foc 2 5c, <2 bc veccuae cont deddosenevesnonees Univ. of Pennsylvania 
AUUCSIE Ny) EE Se ee eo Rockefeller Inst. 
Tae aay, SUG RGRUS GIS aR ee ae ne Ee cee on ee Rutgers Univ. 
TASS, Veli, LBA: Sea. Spee Anes so eR Tulane Univ. 
AML YAS, AU UNO ST TE TT SRS ee an Columbia Univ. 
Mubyaeriey Wu chicane 10 Sp a oe nn Western Reserve Univ. 
Nw ly i PVES et ERs NSS: a Ge New York Univ. Med. 

Tha lleva, (SIE W821 201k 1 3) 9 al Tulane Univ. 
IN aiLAamisiatneis I NE. 2 SE ne Harvard Univ. 
INA Insusiccina. TU Cy aiok 1 IR ee rc Los Angeles, Calif. 
INVROOETNGUP re, Wei Le IN he el pei Bote Brooklyn, N. Y. 
iron ait Tia 6 eae ee Michael Reese Hosp., Chicago 
ESIGOR EO cll oad She Segue Univ. of Illinois Med. 
INROHIL, I = OM. cad age: Re ed ....Cornell Med. Coll. 
ONS PMI MV eee foc cha sneucesonsccaceacednsctascedcenchnedncssaeece U. 8. Dept. of Agriculture 
Wiagtletsyal OTA, 10 2 enn Tulane Univ. 
SSceSioan, auc] oy (Ob eae Ee sae ee Rutgers Univ. 
INelleagin, Week? TDS Sa Towa State Coll. 
Ntrecyong, SN", <Q). oe aree Sat le ea Wayne Univ. 
Ian [Eke he, ek ye hc cr Uniy. of Buffalo 
INDI Hck, ASS eae New York Univ. 
Nyy oonsin, Lore ea ly Ske ere ane nee eee Univ. of Mich. 
BN eres TIGL TEV NV fc feats Sols oct ceo cncrncUstiesseapevsucersccusasceasdencscknse Stanford Univ. Med. 
Shs on Ss 6 SS ee Lester Inst., Shanghai, China 
BN ic eyriOOLEY EP EOE ELEC SI cc oes adabacnccstec.cacuccdusscvevaueaanucecteegeceecdve Chieago, Il. 
Oradea fod oS. "5a w Sedan oveccydvenonoccnedcenescccnuedeeneseeeotevevescseee Yale Univ. 
Ie oso o case ospscc doch encesecbscecnsevevcetvederinseptaecssecocane Danville, Pa. 
SMOLIN S SS gk ree ee Univ. of Wise. 
Dae Noone oc ch nnecvovedensnncnnnnciesceneeecuctsnenenencnecnseenesened Univ. of Mich. 
DU RR ac cena cca cncnnacansemcnedenconcodcseccavns Abbott Laboratories, Chicago 
ek) La ee Cornell Med. Coll. 
eda cae nienenesasncccatactanncesoncicadoenncentne Univ. of Wash. 
INES 0) 0) 3 ST oe Cornell Univ. 


Northrop ye Oly ED ce cecc cone necs Cee Rockefeller Inst., Princeton, N. J. 
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Notion dE Se. sack sGeciecas Sac eee Ra series Upjohn Co., Kalamazoo, Mich. 
Nova 2 ere PLAT CCEA aR A cerns Univ. Illinois Med. 
Novy, Frederick G............ PO ee ee ne Univ. of Mich. 
PRUs Tessar Ty LQ Leek hat Renn ne RRR 8 ee OR NS Rowe ARC Univ. of Mich. 
IN 05 FER IN eer re ee Eh cect Ce ero oe Rn ene Boston City Hosp. 
breshkove; Vasilettcs tase See ee ee eee Bard Coll. 
Ochsner) EW. ASS a5 ee ee eee Tulane Univ. 
Oertel, “Hors. 2) 5s ee Se ee MeGill Univ. 
Oosting? RB. oii. ce ce ee eee ee ee Chicago, Il. 
Orden. Hirie ee ee ee oe Pee ee ee ee Univ. of Calif. 
Obey Roath Wet: Se ee ee ee eee Univ. of Calif. 
Oldberg, Erie... ERA eee te iat hear ene ESN A <Univ, of Il. Med. 
Od es Wig gaan ML D Melee Be RC ee giles CaN, ee Pe See cs ..Washington Univ. 
Qhisky: (Pater Kc. sien, -Coeceeer ie ots ee __Rockefeller Inst., N. Y.-City 
Ol ver: Desi te ts cee Aen re eee ee Long Island Coll, Brooklyn 
Olivers "Wis Wise She Siete oe ee eae Long Island Coll. of Med. 
Olinstéad SMa yn ae ee ees 5 ee ee Presbyterian Hosp., N. Y. City 
OD sites hae fated DOLD Ja = eee Ne aes oe pee eee ee Univ. of Calif. 
Olmsted, W. ite a ae ne EN ENS Teg DL EN. 
Opies Buoine. gp ssa es Sen ee ee eee Rockefeller Inst. 
Oppenheimer, B. S..................- Su, Senor kc ee oe ee ee ee Columbia Univ. 
Ornstein; }GQeorce: Gin os een ee Ree ee et ee Sr td Columbia Uniy. 
Onten, iJ eanes Me a ee eee 2 ore ee ee Wayne Uniy. 
CSCO GES AINE ees eek cep ed One ce ee Univ. of Oregon Med. 
Osterhout, W. J. Vv oS cco ce hed corse Ree ce Rockefeller Inst. 
Otten bere Reta oS here eee Mt. Sinai Hosp., N. Y. 
aD LETS OBS A We cre ae ee ee Yale Univ. 
prs Georen tis oh eee Rl oak eee ee Memorial Hosp., N. Y. 
eee Rh VW ele ooh ae ee ee ed ee Univ. of Calif. 
Paper VEvinG SEL es 2 Ae et Ore oe ee ee Indianapolis, Ind. 
Pak Ghabyanee ek), o 2 oe or Se ee Lester Inst. Med. Research, Shanghai 
Palmers Tero yx 5 ca. ee ere le ee ere eee VAR O Eee 
Palmer, Wickes... Sok ee Se Ra Me Date 0 8 fuer SOA Univ. of Chicago 
PED Wie Wi eae trek cee ns oe Presbyterian Hosp., N. Y. 
Papanitolaon, George’ Nox. ofan ee ee ere ee Cornell Univ. Med. Coll. 
Pap penhermenien ss Mite eros ot ete ee Coll. of Phys. and Surg., N. Y. 
Pappenhemmer AWM. i drcck 0k eas See ee New York Univ. Med. 
Park: Bora SR Sgt | ae ee eee Johns Hopkins Univ. 
RETRERMVH ROUEN Ic. seg Seen Se Boston City Hosp. 
Parker, Georte: Hiccisss ead lens ie 2 ieee 8 ed eae Harvard Univ. 
Peer Tis Wie OR OE ee =e George Washington Univ 
Pansons;. helen) Wee kc ee eae ee a ee ee ee Univ. of Wise. 
Paschkis, Ke Bic..cicsiestint 3 ee orth ee ee Jefferson Med. Coll. 
Patterson; ‘Thomas ne. 4 Ga oi 2 Oe Se ee wee ere ae Wayne Univ. 
Parl "William Di cts eR ei ag ea een State Univ. of Towa 
Pearees Wiad Ser es ee are ee a as L. I. Coll. Med: 
PORnOG; TaO WSC cs cccecl nce che oes acc e ec Rockefeller Inst. 


Pearson;-Piul Bich Sh Se eee ee erie Agri. & Mech. Coll., Texas 
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Ares imme citer TRG Oh A ce ete ee nce can sagas denraeccnsbcese enn N. Y. Post-Graduate Med. 
Leayelig, Seepwaieell IS UE i are eee Mt. Sinai Hosp., N. Y. 
PARIS. Ebel [28 Ue Cocoanut Grove, Fla. 
Teron eee) 1110] ee a eee eee Memorial Hosp., Abington, Pa. 
(Perici, 1B, i... a Se a Nee ee nee eer Kentfield, Calif. 
Ubrmst a), VA) clare’ (Cs Re ee McGill Univ. 
Pe aye aie (Cl. 181 ECT Gee eens ae ee a Oe Univ. of Pa. 
Taveras: VALI CGE Teo Gs een Duke Univ. 
IPforaiob, LAVOE) 6 Ak Sa he ee Merey Hosp., Pittsburgh 
TPAD Gere GSH) Ue ee en ener © Univ. of Calif. 
TESELGHIG.,/SEDVELIDY EIS oe a a RE Cleveland, O. 
LPQID IS, ACCEL VPA Le a noe I OE I Yale Uniy 
PPSIREUCE: | WL, Bes Lae i ee Univ. of Minn 
JPRS, UN LL 8, 2 a ee ee EP Univ. of Wise 
WiROHSDL, Se. sO as ee Oe Seaview Hosp., Staten Island 
ives, (C. A. coe  e  n  eed e Yale Univ. 
eater iigere, (CLS (CSRS Steen eee eee SF SO Pg I Pe te Detroit, Mich 
TPRQWET OS J] kc LO oa ae ee en ee Johns Hopkins Univ. 
Lemar ly loser eh Parke, Davis and Co., Detroit 
IPyayeictasierr, Disc By oo he ee eae ee Univ. of Chicago 
Tver), TP. TE Tes cen ae a ee emer Me De Univ. of Wise. 
pony 4: DQUNETHL ENS. ace ieee ie a Cornell Med. Coll. 
IP, P,P So. cece ee Mt. Sinai Hosp., N. Y. 
Biers, Harold LE Sanne a aS nant -e Stdaes Univ. of Vermont 
LPTUGE 1 ooo saceceeccesc cee ee Univ. of Ill. Med. 
Pinkerton, TSO DORE 12 agra ra el a CH St. Louis, Mo. 
Pagal ether, ll. Les oes See kee ee ee National Inst. of Health 
err Dan 5 gn accine nnn nt Sestraecocn deeded ip binnane Bedford Hills, N. Y. 
PoigeanGhn: CNN es er Nat. Inst. of Health, Bethesda, Md. 
TPES 1, TOs. cle ee Univ. of Iowa 
JEG, UIs CSPGs sae a Army Medical School 
TPtiay, Cohn alles) iat sacs Se ae New Orleans, La. 
IPOMMMETTE EL, ANAT C2 ee ee ee eee Los Angeles, Calif. 
TROIMENE J Ehica cicetncd eRe a ree Cornell Univ. Med. 
JPIQHG CR, Uy, LI 2.0 a Northwestern Univ 
[Peorceceronts (Cl, WN 2 oe ae ae Univ. of Alabama 
Pong, GS. er cr Univ. of Illinois Med. 
Jena) lab. Wl, eee re Michael Reese Hosp., Chicago 
TOTEM, UY cece ee Mineola, L. I 
Tange TEL. INCE: en a ae Eh Lilly and Co., Indianapolis 
IPRSU@S,) (CHRIS 1D oe eS a Yale Univ. 
TE Seeeitthy eT ea 61257 0) Live ae Boston Univ. 
level, Loe. 1a lice see ele ee Tufts Med. 
Proescher: ie. .5.. En he oe es ous ol ae San José, Calif. 
JET O ii (Cl, [Dak Ee ree Univ. of Ill. Med. 

WOR, A\TSTT Gi | Car cere an et Milwaukee, Wis. 

Qireloyy, dl, TES as i Aen ae Western Reserve Med. 


Amutallon., Vwi C 5 oe pe ce ne Peter Bent Brigham Hosp. 
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agrinis, Eden! Korams. oie 0 ee ae ee ee eee ee ce ea Univ. of Chicago 

Rialiiaey On te Pie ot Lah Se BU i ee Sota Re Cornell Uniy. 
Riatsiss, \GeonrenWw. i: 2 a eee Inst. Cutaneous Med., Philadelphia 
Rake, Geatirer Wee 52s te Ae eae New Brunswick, N. J. 
Rakcietenie Negba hot) Se i aera oa Long Island Coll. of Med. 
Rial Wikaine Pe 5S oe SA ee at ea ea N. Y. Univ. Med. Coll. 
Hamaley,~ Wraneis 00) tee tee oe ae ee ee ne Uniy. of Colo. 
FeamsonicGe iW vec fs nee lok bes meee elepaesnerner Cop 7) eae Northwestern Uniy. 
Rapports Davids 225i Eterna ee Tufts Coll: Med. 
Rasnoussen, Ai Det sai 5 Se ee ae ac etl en ease Univ. of Minn. 
Ratner vba nO) oa, faa 8 co 8a eee ee eae ance Ween eo N. Y. Univ. Med. Coll. 
R570 0167p (i Nepeete eee ale eh OoMmCeie ays Tears fr oh ice HOMME NA tom cir Ope Univ. of Pa. 
HSC Ty 5 Wig 5 Pop eats Pees eMC pa GA Uo cen UE Long Island Coll. of Med. 
Fay ts Eewrsy 2 VE 2 22) eae a) ee a ep 8. Side Hosp., Pittsburgh 
Read Bernard: Bye sas ote = eee See eee Lester Inst., Shanghai, China 
Reads Sean Earso ny 9 Gees oe ae ae ee Stanford Uniy. Med. 
Reecet (Re AP ik see Soe oe aie CN” Ca ican a kd Rutgers Coll. 
Reed)? Qarlas Picco 5G 21 Bie ie ee ere eae, sete nae ee Cea Univ. of Ill. Med. 
FReichieit., BY AL is eRe ins Sale RAR ames Lake Soi se a a ae AE Stanford Uniy. 
Remamy, Elo bard As. Ue Gos Ie See ees) pc eat ree eae Jefferson Med. Coll. 
Reimann «Stanley ke ok eee can een rR ewe erste are: ies hi Univ. of Pa. 
Ae Lr Diy.) ee Es me, Ne Burroughs Wellcome and Co. 
Reynolds, Chapman.................../ pee pe Ne eNotes a Louisiana State Univ. 
Reynolds: Si aioe an es ea a oer 5h Carnegie Inst. of Washington 
Reznikotes ibys yes ee ee ot ae Rae ee en Cornell Uniy. Med. Coll. 
Rhoads Corelins Pe 2.06. apne eae) Memorial Hosp., N. Y. 
Bhoads2)Pamh (Soe os i ee ee mean oe Northwestern Univ. . 
Rich. MArnold: Re wes ey ote et A ee Noe ae ae Johns Hopkins Uniy. 
Richards-wALbreglsN ws foe Rude Foe ee i ee eee ee Univ. of Pa. 
Fhehards: (OSeat OW 2. el toe Ee Ne eee ve eee Buffalo, N. Y. 
Roebards tit. Key fe celies 0) JA Tee BOOS ae ae liie, Ral a Chicago, Ill. 
Riehsrd ser, she iP ice 3 io soe ee py Univ. of Tenn. 
Richardson, (Rt thas Ua! Raed ce ee Univ. of Pa. 
Raley pero 0a) VPs Sai ses ok aes See eat ee JRO a re Johns Hopkins Hosp. 
Ruehbers Wa nitice 2225 5 nee ee eee N. Y. Post-Graduate Med. 
Riddle, Ose ar eee Se ete Exp. Evolution, Cold Spring Harbor, N. Y. 
iver cpp ed eee 2 ON 5 Shs, Te ee AY eis eke ed eee a Univ. of Tenn. 
Ramelianrtay ames iB ere Be hal 0 eee Py ORE Univ. of Calif. 
Himmeér,": Mitchie eae.) sti os eed 2 ed nee eee Montefiore Hosp., N. Y. 
Rivers, (Bhomiass Misses ci 288 a 22 eo ee ee ee eg Rockefeller Inst. 
Robby JanecSands< 28). <...) sock lt ae acai an ge Syracuse Univ. 
Roberts; > Wlmer sete ek yok ee Na eee ie SN oe ea Univ. of IIL 
roberts S0CGicn -. eo: 5 cass Ue ik the Shea es ae eel eae Chicago Med. : 
Robertson, Blizabeth G20) 0 tie ee en es a ee Uniy. of Toronto 
Robertson,Oswalds Hao) <2 as eect ee ee ae ......Univ. of Chicago 
Rebiason,: Charles 5.2308 25. ces es) fare ea eee Vanderbilt Univ. 
Robinson, TMOG hid ae oct ok e Newton Centre, Mass. 
Raehe © Si) ysh Mic we ces apna aeons tener Sao Paulo, Brazil 
Roey doseplig ld fea ie aes hy er ee ewes: George Washington Univ. 


Rogers Wire chi Us cs 25: ceca bates 2a aek aoe eee ae ogee en Baylor Uniy. 


it) one 
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Vsjuc crate! cl), TNL) ERS Been Univ. of Pittsburgh 
HEP MELON TC eg CHOOT SW i-oscncyusnsanndsesacsresncvseasbsevssnsusiunccenesase Lenox Hill Hosp., N. Y. 
Sad Eee erat Ve Lister esi ny sfeNeuveaiyousssascssevsaravesesaiuirsesveorersunnebssionssiusness Cornell Univ. 
Ute ee NNN ts Cysts ncacsvnbivwoasUsascnsvieusareseovesvesiarconnsnads WGaiivdess Washington Univ. 
ED ia NM EY RD Ce ees AAs sd dec veasvn dncdasuontusgpiessasnncinensonncacsatssausnensecens London, Ont. 
ONS OR MME MPEG WSL tp dus doftcon cabs acyusivunssdvies+svesveusaveanesnenivanss Coll. of Phys. and Sure. 
aN Soon fasta ca coves s-ycenneeteneraenrcassaastsnvansoeisensetoscrtnnemasiarnnvecritnses OLE UDLV, 
EGS AMMAN Eh ateseckeacecusa<cieosesrene Prudential Life Insurance Co., Newark, N. J. 
CE Env MUM RTPA RECN 1a Poo bu xs dares aubigsntudnd¢aqeaviswhansuovesuavannsasioaseseunannrsebs Uniy. of Tl. 
SIRO SE LUMINES | EL es du eyes ctnsesissoosnensisesivassasacunracesssovceucnasety Montefiore Hosp., N. Y. 
AU a ORE ES Ue Fost on edo nvesutvannmsnech nav ssasisssasvsndponpivenssayesenoiearaiy Mayo Foundation 
WO SOM Uae MR EDS, tab tanpuciecensksnescenvasesdesaseenravnes Tsrael-Zion Hosp., Brooklyn, N. Y. 
STROSS ey ETM a SLES TOR Ps ssn csekxeosonsiasioansnee.ssaanoaroseseoudsnssaseuverenenvonen Univ. of Ill, Med. 
AER es RR ooo lp nos cr duces nagenen gn ionusior schasorpsharsnevecnoensasiwehsviendchers N. Y. City 
IE arp A RE Pee aae seb ein wd oosns0 voy ocinenmi'yustenneevleshoassuscosbrenpene George Washington Uniy. 
SEL ses a ISON MERE ese ges gstzcasbevexay-tcaysasenasnuiebvarysanvereuvcduseccetsanvedncass Rockefeller Inst. 
PER tes PNA EASY Eee uses cho bucuasoasesvuousisnednssovaverasoquentosersivatnses New York Univ. Med. 
CRONE PRACT Eos utvsceccacesenenverustasscceuensedabecss Philadelphia Inst. for Med, Research 
Tigao) | J) 6) 100}. BAY ee Worcester State Hosp., Mass. 
ESTs a ELVIN cea cs sn t ckd gamba ca icnasnbviiSvissvasdpusnindsevucsvedsbsvassonsityss Nutley, N. J. 
PERUSAL Y TILA s 5 as oscssencsendcsienivcencvecesstcusrerssenssece Mt. Sinai Hosp., Baltimore 
Sate MRL TNL sl oe xxas ad cdo csenntavniasGiyestesontonsrnarvensorenes Wash. Sq. Coll., N. Y. 
Seer RUM YPC s feik sss ni-sspieesprasastsbonsisasduvenusseshousyensosernsusenesesnybinh Wayne Univ. 
AN NR ERPS tech carllsxneys vaucveonckil-ngescLcosdeoxtwaunsiédawegdvaracshanssssterasennese Univ. of Wise. 
PESO rte or MM RL ee Pe Sep Pataca bninns'mdu ss vaihoruveasacnessncusn}orsdaxduvoye N. J. Agr. Exp. Station 
Hiro TMM) MEA YI aE ee oo nh onc vausstoeoeansehbsatovencoeneacnasouryacesaUeuesssnosuss Stanford Univ. 
ee BUREN sata ens cstcm sides nas mnscnaspresvanannie consi Children’s Hosp., Cineinnati 
Mou), Vail 2 ie i eo i ee Univ. of Mich. 

PS Sire ANTM ASLO feb sea sep nes cy nscguecvas hncanepersrnarcopevacssesacoenentonsst Rasiiahinchision Detroit, Mich. 
fovea RR IIWMNY TSS AU AOR dae bins ec cv cwoncunscvecydscgennsévovatiorctassnsnsusdeonosesicnsuashvusueopoes N. Y. City 
BCA cy UI MME Ue SLs Fads ayoiaaiayseetuosarciaeceupesancapasecasecieresovsnssvaneserpenbacte Univ. of Calif. 
rortheeoity, U0) ci) yo ee ee Mt. Sinai Hosp., N. Y. City 
PFE eM RAL PRMD aE chica ann dnnadscxeevedesaceeecuépehissvosdancvnssosposcedcensuetnosniebievaked Yale Univ. 
PUT RTORD 25a spncncnscseneconnerstevsuecueyeneraceveniey Rikshospitalet, Oslo, Norway 
Sear eM ME DUTP GUO Pocock Claes nbanonhxcnescehonvsoueecsabsunvekavesounsssocvssenceysusses Univ. of Minn. 
Rrra eR PRBS pias fox phcodsroisso-avnanivonsansecegeonsasusens Montefiore Hosp., N. Y. City 
ECE. Ges YeAN eR ss cnesvvessna eussnsvansnveashousesodsevessensivessnsersoneés Mayo Clinic 
Pa ops so dihisestnidhncuhsteevacesnhsbessoreas Santa Barbara Cottage Hosp., Calif. 
PO eR UNE zou ext toy ohas sk ovnsstnonciivsis cxsvavesent yivachnonesssinees N. Carolina State Coll. 
Saunders, "Felix MITRE Ears cxay honk staBinnarsieresstranchscspersasechions aoesnieeo La Jolla, Calif. 
0s te acon gsaptnn svicad esicnnsoyarcsvanuroncechedneservovoures Rockefeller Foundation 
eR 00 pas secon econahvesessinsesesdvansdeviansvrceoeasves College City of N. Y. 
Pea SNE UREA PS Ee as 22) 28s occ cnayoed anicnsvcar¥eninenscveposevorevevervencoeoencnres Uniy. of Minn. 
PI Meh dartanedevihsh cnn ann ey vosonvorousaunuvexousnionsigsisdasnssisoronenensonsgsvoves Tulane Univ. 
SUNT URAL, oesp onsen cnvensenenucsacunvosesoniubdsansshsbinersancoseuces Univ. of Calif., L. A. 
res any tayoasentnvesosendndoendevoyeescnanisieesrinensronesnvey New Haven, Conn. 
ON a NN roi oe sec asnroeitvedscuesncscesnredccriénraseeede Mt. Sinai Hosp., N. Y. City 
CS 0 Beth Israel Hosp., N. Y. City 
Ree Mare NID Rt atr ease wnuannensnrsscuqensoson svsvensérenrsavonsenn Beth Israel Hosp., Boston 
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Sohiloss; Oscars Ms Seat ey ater esac Cornell Univ. Med. Coll. 
Sohibertas eR ce Woe oe here che cae ee ee ets Lae Univ. of Chicago 
Solid Catch le weesieate ena hs. tee eee anc See RR ee enoatrcnete Univ. of Pa. 
Sckimidlt, iC ara a ee te ee ere ene kee Univ. of Calif, 
Sobel Te, Eb seis oP 2es cc Se ate renee Univ. of Cineinnati 
poelabave hn inal shuigtsh ate) opal 6 Vee theo tceepgtetecrtecriy ecruyceyt racueeere) epee tt Mass. Inst. Technology 
Sclinveider, Edward: Catecucacs ececceeteaee eee a sees enr cts eee Wesleyan Univ. 
Balvoobey sds Pa pesca ee cae ae ater ater aae ene ee as eee see Detroit, Mich. 
Schour, Isaae..... ....... eter Sree are eee Univ. of Ill. Dental Coll. 
Golivbtize® Bar Wik taccccraseesrarateeasceateen cara een ceapenes ace, ce cca ee Stanford Univ. 
Sehultz, M. P..... Sa cebben Ate, SR ed ee oe eG a ae National Inst. of Health 
Selig OMT csisc cence eraton hearer eee St. Francis Hosp., Evanston, Il. 
Schwartz, Bemjamilncrs 020. :.ccsctbessse celteess ysiatauie ek eee U. S. Dept. of Agr. 
Dolvwimels 20a% Diz cste ue ee. oo eee rere a ak ap eee eae Albany Med. Coll. 

DOKL a eee Pei re ot Om ch, we Reema en Are t neers Be citi meer Univ. of Minn. 
Scott, Gordon F........ Are eth een MSE ER PRR A Ate in EE Washington Univ. 
Soot, Leotard Osc oor ge eee erate rece ay a eeu saa ee ee eee Tulane Univ. 
Scotts Rat Wie eee) ae ee oie Pe ketene Western Reserve Univ. 
Sorry: Veolia Vea eerste eat esha neecee cesar icn carne ee eee Ree ates. Rahway, N. J. 
BOAPON win, Decca Nt nee hs Sate ates Cae Mn ee ee ea Univ. of Tenn. 
Garris) Rk cckenvacans che Renee beeen ccc ne RES ce Univ. of Oregon 
Seastome, Charles, Viste cccsecshatectitn «ecto tat seeder ctee en teaee Agee eee Univ. of Wise. 
SéecoL, David Piseiee nce Saas sch bcted Gute EN toe aces mene ee a N. Y. City 
Seegal » BOG ee. set. cscccc.scscccrsnte se. teeeess rece meee Coll. of Phys. and Surg., N. Y. 
Basalt David....... setssssssessseeseeeeesearch Div. of Chronic Diseases, N. Y. City 
SGegers sy Wie Hse, zkcseez eck. cezs clas vc decease eee ee State Univ. of Towa 
Seevens,o MEA sh oes eel cs cansalccicmccte sca eee Sc ern eee Univ. of Mich. 
Setlertc Morente’ Bid. ell i cckeethans Henry Phipps Inst., Philadelphia 
Selle, W. A...... Ne Soke ear Re te eee ee Univ. of Texas 
Sly e) AUG alias: ees acey canes cme ca2e ace ance esenss tecae soeteteceooe en ae meeeee cere MeGill Univ. 
Omi aro wet MALLU, hel sha vnscocbcqavkasndeme eset ceteen sau eo tenna sean meet oc eee ere ee Loyola Univ. 
Severinghaus, A. E........... sata eat can ees Coll. of Phys. and Surg., N. Y. 
PoRayipliated ataqytc lad baal Vaal Upc amt lesan Mee etter a phcrpe aBrne Grn, Lt Bian a oir oo Univ. of Wise. 
Shafer: Géonvas se tis at eve emer eel ale en ee Stanford Univ. 
Shaffer, Philip A........... BEBE 5 eas arate ee Ac oi Washington Univ. 
Shaklee, A. O....... EA oe ee ei dy mE Rt eR Ae St. Louis Univ. 
RSet ua oh aye ee Ye Need ae > Aten Nem POR Pree map iepe erat ere Pees Ay ae re Welfare Hosp., N. Y. 
pe a¥sWop hizo yom 9.) x= 1 tea peeoeeeve eset arp ee ne EEE Eee inh eeee cae Hahnemann Med. Coll. 
Sharlit, Herman.....:.......... Bee Ik AR ee ee Roosevelt Hosp., N. Y. City 
Sharp, Pik ck ke rote Tarp the hen only] Gbvens nee See eee Cornell Univ. 
Mhatwohnessy, El. dyc-.--- dadencokaceunahanelsavaent CTT ene Ill. Dept. Public Health 
pee ciel ec nei detec Ae oe eee ee P ERE Caer caterer pe Univ. of S. Dakota 
AS LOT SVU be eeeccesaarcvsenete sins nd sieinee tice ras Nat. Cancer Inst., Bethesda, Md. 
Shedd \Ghatlest sy. 8.. sac soe eeeec es ameene me tee Mayo Clinie 
Sheehan, 18 {21 31. ene RO ARR ee ay hah A Ce N. Y. Univ. Med. 
fol at sib auh ce OAC! en BP Re oe Me MEN IGN hove wes Per Bee Pe tate Chicago Med. 
Sletten 7 TL Ose eee has per ape eae e poeen eee EE Columbia Uniy. 
Shernasiyy, ELaT tha himpeeenc ct eteccer ance sveninee eet Bureau of Science, Manila, P. 1. 
Shermans. Jipmes: iM pire, susan seats tencenee eoectcsse ete tae nan Cornell Univ. 


Sherman, Wika, ge -atthos 1.culpeeceapetine cae Mes New York City 
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RMU Ta RENAL ROIEUIAL Le Atoiuon cd cof ital (Mb iigeanecsecedscesnnenerenaneane 
Shibley, Gerald _.S........... as 


Shilling, C. W............ 


Shui G1 


Shohl, Alfred dhe 


Shope, R. gE Bae ee) Bear, el peel See 


Shorr, diy.......: 


Shwartzman, Gregory. 5 eee 


Sia, Richard H. P... 


Sickles, Grace Mo ae 


Silberberg, Martin... 


Silverman, D. N........... A i ae Mae doaids 


Do teansetxeness Lee OL Surgeon General, Washington, D. C. 
Simonds, J. at. et ee eee 


Simmons, James &... 


...Mordham Unity. 
...Cleveland,, 0. 
...New London, ‘Conn. 
National Cancer Inst. 
W. Penn. Hosp., Pittsburgh 

atone Univ. of Detroit 

Nat, Inst. of Health 

..FLarvard Univ. 

Rockefeller Tnst., “Prince ton, N..J. 
Coll. of Phys. and Surg. 

Mt. Sinai Hosp., N. Y. 
weUniv. of Hawaii 

ae se State Dept. of Health 
8 New York Univ. Med. Coll. 
Tulane Univ. 


ae Northwestern Univ. 


siden) a)-(oy cb) Ghz ol ..Univ. of California 
ysakorollciiy: Ini C i oe aan Pe eis le cs aust hsv Ser Queens Univ., Canada 
RATS rhe UPON MD gee Met cess cdct.atecenveclbenscancarscarnnd .. Rockefeller Inst. 
aden 1G) TREE A ele oe re Coll. ‘of Phys. and Surg., N. Y. 
jSunaei)ztoG), le kha: a ee Sap ae es Columbia Univ. 
Shinai, Ni aden bh 2 os re we Wayne Univ. 
Coma), (Ochi) | Sh a Cornell Med. Coll. 
PUN VAMOULCG, 2, pce tucassedsentensccoscdaevimsnnnarseelansese’ Bergenfield, N. J. 
PMT OMEUMEO TCO NS tysaic2a0<u-Uutaiedecscepsaasisen-enenavusecaevssonveestences ..Ohio State Univ. 
NRA OMAP is ate pee edo svsescee-nicdjescdértsvassensesosevastarenendsteniech ..Duke Univ. 
(Shani, Sch, Np ee eee Towa State Coll. 
Srp Hed. My. ...:.:.... POR IDTEN SOE at ot CEE np eee Univ. of Towa 
Sire, (Cine. ce Tosp. for Women, Brookline, Mass. 
Smith, SAN EM PRG scons ccnstd clea pscEsesmvexsan ddeveneJnvdoyeeve yea State Univ. of Towa 
Sutil, LoVnsal s\n Lgtiale N. Y. Univ. Med. Coll. 
PUNE WIIGTIGO VV ).0--22-c--2-n-csecncceennsnvartenesencacesausenenees Temple Univ., Philadelphia 
MUM IO OO Mipae. on cu-c-neanecsncenecearnencecanyaen- National Inst. of Health, Washington 
Peete PD MLN a 3.5 ck nn nenscphodandsnvacansnil~aenaicacacenzesoronseadvasivvateds Boston, Mass. 
E200 esis pcs eum acd onapucneestusevnanetexesasapeneneareesnendorsaiacvenveince Yale Univ. 
OT TIuA MME MY FMI Se Fp cs arn cnnuandasvaneedetaloxaninsnseevasereucaasneseaneesee Univ. of Oklahoma 
conic, 1edanllh sy 4 SN Sia ie aaa hscnlo WET STE Columbia Univ. 
Sheil uisn S| Cae ne ee ee ee Uganda, Hi. Africa 
SMA eee OCCT, -. .c2.<.--acus--saeeicecusdeceasaceceneeses Shantung Christian Univ., China 
‘Salil 1 CROCS a oes te Univ. of Calif. Med. 
oi da.e cu. pvnsbesatenvivaroustErovsuseavereseeess Peiping Union Med. Coll. 
Chayeslier., Jt ialldliia W910) 2A soienee aaa nee ee Univ. of Chicago 
Slavu Staite al) (Oe) etl Rockefeller Foundation 
Sobotka, H. H... LES eee ..Mt. Sinai Hosp., N. Y. 
Sodeman, ESI Ee en Tulane Univ. 
NNN rons 2a ean sac as nacueaeo-csnand=nvhesnensneenaeeusienss Mt. Sinai Hosp., N. Y. 
Ft RN os daca scp cmnpcecstipare rein sieuscdvonessarpaneropnradoec Univ. of Calif. Med. 
EN ee Western Reserve Univ. 
Si 0. 0 NCL Jewish Hosp., St. Louis, Mo. 
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Soskin, Samuels 2m 5 2 ers A eee Michael Reese Hosp., Chicago 
Seales MS Ho. Ss ee a Feel ee NS A Ree eon ae Univ. of Mich. 
Speatnatr CG. Gixe 22ers ee eee Med. Coll. Va. 
Sperry, Warren. 2. 2 eee ee N. Y. State Psychiatrie Inst. 
Spierel“Hanest 2-22 sh ee Ee ee ee ee Temple Univ. 
Sprerel_-Adol& Mona.) 5 4 Se eos Seer eee eee ee Temple Univ. 
Spiess TS Die as ee See ee ee Birmingham, Ala. 
Roped NV Ws eee oe ee ee ene Univ. of Minn. 
Sponsher ONT A 8 oc Se le ee ee eee ee een Univ. of Calif., L. A 
Sprunty Dy Bes ae eee ee ee ee ee Duke Hosp., N. Carolina 
RS ERINISH «Wing ect sos ee ee Danville, Pa 
Stinléy. Wendell: (Mi2 5 = <i eae ee ee Rockefeller Inst 
OYE E IY 7327 Dat BON s (ek nies ste Some ARETE, Cle Eira e ete Nat. Inst. of Health 
Stark, UGlifionl (No 2: 2380) ow ee ee 2 nee ees Cornell Univ. 
Stark, (Mary Bowl eer eee Be ee New York Med. Coll. 
Starr,- Mis Pile hee ee ee ee Northwestern Univ. Med. 
DLASTOYS <a) oo peer ee el en eee Louisiana State Univ. 
SideleJokmn) Mce. 5 eo a ee ane ae Welfare Hosp., N. Y. 
Slereerda, dl.) Ras. es ee ee ee ee Univ. of IIL. 
Steinbach, M: Maxim 22. eet eae eee Coll. of Phys. and Surg., N. Y. 
Steinbers;: Bernhard. eae ee ee ee Toledo Hosp., Toledo, Ohio 
Stekol cs 2 Acc Bee i See es eee ee Vanderbilt Univ. 
Stenstrom: « Walhelina: 2 tere eo ee ae ee eee Univ. of Minn. 
Stemarky Eparole choc. cc Ate ee ea iol, Se New York Hosp. 
stewart, Harold ij: 5 es Ee eee Nat. Cancer Inst., Bethesda, Md. 
Stil, Nucene# ne ot ee eee Univ. of Chicago 
Stillman, Ralph: G2 oe 3 ee ee eee Cornell Univ. 
StocktoujtAs Be ic. tien Pe oe ae Ee ee Stanford Univ. Med. 
ioesser, JATberk iV oo Ss i ee en oe eee ee Univ. of Minn. 
pione, Galvin hs <s eA eee eea eee at ee ee Stanford Univ. 
Stone, Leon oc Ae ees eS es he ee eee Yale Univ. 
Storeyiaal HOmAS As os 5 ose eed aS ae ee ac ee Stanford Univ. 
Show ale Wr ese ea ea, saree ee ee Univ. of Wise. 
pices SFG 8 Sas Se eee eR aA cerca Pen aR eee ht Sata ees a Yale Univ. 
Strong, ‘Richard D2. ie. 2 ee ee ee eee ares Soya Harvard Univ 
Sirouse; Solomon. 25 <8 ete Beene ae Los Angeles, Calif. 
Sarl, WO Pak Bee eS Rahs eee ee ee a One tr yee Brown Univ. 
Siupkand, Horace Wile actag) ery See ns 8 See New York Univ. 
LEE sw salcrn GM | CP ee OUe. Eien ene Ceaeeee Mere emer Se rie oe Lae Univ. of Mich. 
GURL kha Nese Ped Ee, ST ee en el Cornell Med. Coll. 
Suginra,, Kanematsy. 2s ee eee Memorial Hosp., N. Y. 
Spliyeara yp, NOX ee eis ee Georgetown Univ. 
Sullevan Walter: Bio. ooo eae cea ee Univ. of Wise. 
Sulzperver; Marion/ DB. 2 ao ee ee N. Y. Post-Graduate Med. 
Sumber Boal eee ee ee. Se. Seripps Inst. of Oceanography 
Sumner, Pamed: B20 3 bee 3 aS ee ee eee Cornell Uniy. 
pure, Barnebiis 2: 220 es tae cee ee en eee Univ. of Arkansas 
Swann, Howard :Ge see ee ee eee Uniy. of Texas Med. 
Swarizwelder cd. Cal = ae ES ee ee Louisiana State Univ. - 


Sweany;. Henitys-C. 208 ae ee ee eee Chicago, Ill. 
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iy eatiye' TES BRO Univ. of 8. Dakota 
Social, ol], UB CNAs decane a cee ta ate Unadilla, N. Y. 
soe, Pare s) TBS De Se oe ee ee ne er Duke Univ 
Rey Aer ON Pie sPAy ne ee oooh A. caetccsndegentacescecnonsecesseceere Rockefeller Inst. 
Smug UP, REE ss Ee Sn a Marquette Univ. Med. 
Reena ame MM Regu to S aoc fal cvatastavednncsadestdacadtdisstvosevaeaselacvaveave Princeton Univ. 
Sap reinel ic G Wavy \ "Ca Ras ae on Univ. of Georgia Med. 
PVN LORI RONG Lg 2 aca wtcsneocengensectcecceoencccuoececuons Univ. of Rochester 
Pee DNSDVOTT2G(8) 10; SUE Sse se ee eo 2 ee Stanford Univ. 

{aii cere ne 06s ee ee Michael Reese Hosp., Chicago 
UMaweriens. _Paecrtl \\ 08s Sas eg ee ne ae oon eee Univ. of Ill. 
WEDS), NSISUD GS a a le a el ee ee Univ. of Cincinnati 
BINED bir ra NM Pee Ooo Joos aasisaysclnvecrndccne-Soaueonrae scncsesngeienase Univ. of Wise. 
wigant le SRI SOUT 0 IN IN 2 en ee Michael Reese Hosp., Chicago 
IN rem ele ae ces Se nak on ph bu vasece deems to lnsteedateadscesivatadas New York City 
CMa MT ee eo oop oc bchcel een nenecescuscescaderstceuseseceacvsaetsosnasgeesedowa tate, Coll. 
Bes Pim NCR MET TIME NOY MU) Be edo 2 oko an Rpts sp onose notte 2oecules <Qoe~suasec=ceeeedFdecsuces Loyola Univ. 
SUE Ta! 83012012) Gree (Ee een Rockefeller Inst., Princeton, N. J. 
Ung iil ceca CUI ean 1 ae OE es ee Set neo ne ee N. Y. City 
a aN Nee oc ae eee 8a Se esse ccr ced act sscees cone cedavucacevenncacedeare St. Louis Univ. 
Titanic, (CVI O61 USS ee Univ. of §. Calif. 
WMibcopee fig), JEP 1 tial? QS Sane NS Bec ee Columbia Univ. 
SU ousivdil, GTL LE 5 ee eee Renae ea ee en Jefferson Med. Coll. 
IMIOV EDS) o< INC) Gan ....Physiologisch-Chemisches Inst., Leipzig 
‘(i serteve sc, MY GUi2 2 1S 7) Dae: 2s ee Rochester, N. Y. 
Bia A MLTR OLUTION VN step tnn io an nencenaven-baedostetene-atnascacdenesiccdeedcenceaceesaudenneee Yale Univ. 
IN iG ee) Soe EGA 0a ne Se ea le Cac Ene ele ee ee Univ. of Colorado 
EMtrcantam cman UO cures Oo) sa cesta ca lad ce goascewenccagbautcbartnarcecncrceencen Rush Med. Coll. 
IPicvour[s). Li ip rallkg) (Schaar ee eee ee Michigan State Coll. 
URLS. WN a, [Sh -aedr coh ieee So N. Y. Univ. Med. 
MbtSGiali me Ge Che H., 5. 2...-..2-nc..n-ceno-tecesdsn eee Pita Oe bg ete Univ. of Toronto 
GUSgns, TEL, Ny aS Sea U. S. Dept. Agriculture 
‘Wovens, (Go, US ie ay tere eet ee Univ. of Rochester 
Thott tice, Ti: INS. 2 a ae a Jefferson Med. Coll. 
CECE, Lionel 25 Rae aa N. Y. City 
Moweivthes ss, (G00) eee ae ea Budapest, Hungary 
INGO dic cepa ay Cee ee ee Western Reserve Univ. 
‘easter, (C1 Cl cs Ree ee Jamestown, N. Y. 
MENG tea ICU DIE EN cs 2s 83S se cage -2:nsaseacuscasncccenscsane Children’s Hosp., Oakland, Calif. 
Magpaee sy, Wy Ua. oes eee oe Ae Cornell Uniy. Med. Coll. 
TNOIA, Ton G2\. ores ecprere eco e a Ra Tulane Univ. 
Rae esG) JEL ee ee a a Western Reserve Univ. 
URE WL, SEUNG ae oan Cornell Uniy. Med. Coll. 
WISEERYAIS, 1), TSA ha Bis eb ka aa an a a Univ. of S. Calif. 
UDphorestl, Ga. Oita das a ee Ca Louisiana State Univ. 
TMEGinl, JOG UezN i NSS a 1a oe Epidemic Prevention Bureau, China 
Beier ae Northwestern Univ. 
HI regione OCA MSSMONN hotsge Ss ane ch occ o 2. econcec eters ccc bsadccptusbede-aidusctenccece Univ. of Mo. 
Mrmeneb divendls tao 2. Mae A Meharry Med. Coll., Nashville, Tenn. 
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SDikner Acennebhe es a ee ee Presbyterian Hosp., N. Y. City 
Turner; Robert:Gee cs. ees Se ee eer Brandon, Wis. 
Turner, Roy H........ LR ne tigi Pe ds el ee Ee ns AG at ero Se Tulane Uniy. 
Dyarmer sh ieee sine sgh 0S Stee pag ee nee Oe Johns Hopkins Univ. 
rattles Wie Whee te es Ae ee ees Rae anes Pe State Univ. of Iowa 
a weediy,: Widnes. = e242 ee eee Seen tel ee ee Loyola Univ. Med. 
Dy Nee SD iB Sh gn pee Ue ce etna SS Calif. Inst. of Technology 
bert Wired (hls ee a eee pet te Pe US Univ. of Mo. 
Uhlenhuth,. -Bdward 2-220. ecetssn one ee tee Univ. of Maryland 
IW iyets Ne oe EW A ct eee eee Hormone Research Inst., Japan 
an eA erie Ce sire wie errr Ce ai ee TA ye eee Rajputana, India 
Vans) vice; fies bes ost = ee ee Seine Pees paises 2 = os: E. R. Squibb and Sons 
Wan Harrevelid, A: to 200s s <o sani eee ee een et Calif. Inst. of Technology 
Wan tere Ai) eke oe ete ek ey Se iat OLS ne ee Univ. of W. Va. 
Van Sy kes Dorel eens eee ee en Rockefeller Inst. 
Vane Wasenen,. 'Gentrindie sss: 2a ate toe eee een es eee eee Yale Uniy. 
AV aun lVWarnlkdle, EAVVils sehr Seer ese eee ersee eco Food and Drug Administration 
Wears? Ever MI es tok Fo sss 1 re Aged egies 0 ee i ria Univ. of Pa. 
V agsbian. tS fiat Mees eee err eee an ie ee Buffalo Gen. Hosp. 
Veldee, Mi Vi: ERE debe. 8 Viele «nape Paani Spe 2 Nat. Inst. of Health 
Verder; Ellizabethse =. =.= Heder wren SMe ont Nat. Inst. of Health, Washington 
Witkery eH ae hi 22 Ee ee eee et Oe eee Conn. Agr. Exp. Sta. 
Wietor): Josepiic: foyer 2 ee oe Research Div. of Chronic Diseases, N. Y. 
Nirtie eaves Slane Re it 1 SUt Jak See ene ot Seek te SU Univ. of Denver 
Wisscher,sMiauirices Biri e ite oo eg ee Se een ee 7 Univ..of Minnie 
Woe tlitas Ciara nee ee ee ees Nat. Cancer Inst., Bethesda, Md. 
MO CSIR a TIM ote 6 ore te aN Cree dete oe Roe eee eee St. Luke’s Hosp., N. Y. 
Von Brand. Bheodors 5.2 == aeee Catholic Univ., Washington, D. C. 
Weosmncpiilia cairn sat tern sop hs foe ce ote TaN Raa ee he es Ohio State Univ. 
Von Oettin eens: Wisp sec ssn nei ee ees ore Nat. Inst. of Health 
VW ING ISS rare) ne eee oe ee Ae pee coe sae St. Louis Univ. 
Wadsworth, Augustus B. .2)2 N. Y. State Dept. of Health 
Wralverliti Gry sb) sae ok ete ats etn eo ed eeu eae Univ. of Ill. Med. 
Wralkssinants oA en S289 3 SN on ead ot a pee eee N. J. State Agr. Exp. Sta. 
Waller w AC RAW e.tcersens 9 0Sp0 0. Siacora. eu lts fs eee re 2 aie Northwestern Uniy. 
Wroallkcer: Hi ile sie ete oh eR) SOO NE LC ee ae ee Oe Univ. of Calif. 
WallaceuiGeorce ssa G-< 28 rece. toe ee N. Y. Univ. Med. Coll. 
Wallin ivanie He Ee CMe PEN RPT oo MES, cca ely cae Univ. of Colo. 
Walters: Orvilleeos .k 2s. ae ss alee Central Coll., McPherson, Kan. 
Walton: Dit@.2 sates BERS RR Perot 03 Dee ahs eee at ee a Annapolis, Md. 
Walton, sho beni Mis nate ie Ce ees 2 eee cee ee Uniy. of Mississippi 
‘Wialler NTS t ihe ws. ame oe ket she eee een ee Brooklyn Jewish Hosp. 
Woane,: Chis Che. 2ue2 2 ee) Aeon Ss et eee eee Chicago, Il. 
Wranng 5.0 Cree eee weer seen ir een Se eae Coll. of Phys. and Surg., N. Y. 
Wiangensteen” Owen bless 32-5 20. 0 eee eee nts Univ. of Minn.- 
Ward ide CS oes ee ee eee U. S. Dept. Agriculture, Denver 


Wrarkamny; Jvc tn <a55 gee Se ey oes es kee Children’s Hosp., Cincinnati 


Mempers’ List (ALPHABETICAL) 419 


Vy Supceveya TH ES Sei ORR Bee ee ee go State Univ. of Iowa 
Warren, Shields... __...... (ah RC a ee ae Harvard Med. 
Vv aeseorng ps, HEL 3) DONO Re, coe he ae ae Univ. of Toronto 
Ai Sst. TEI@MW Saye a) UI ee Hahnemann Med. Coll. 
Va aie. (yee! Cc ee ee ee Univ. of Minn 
yeh i, din MN 5 2 ieee Lakeside Hosp., Cleveland, Ohio 
WAV ereene, (Claes ley eae ee Univ. of Kansas Med. 
VWiclieteie. . [oie icles ane ee Cornell Univ. Med. Coll. 
AW Glos ite, al. 125 ae a Presbyterian Hosp., N. Y. 
\Whleiinsitin’ 108) 0 ca oe ee Rockefeller Inst. 
NyMG Sol Sls” LE eC | 1A _.....Univ. of Rochester 
AVS eI MEIRMMeNGINEED LCs eres 3 Ee oe acca gd tecdene set ageteneceees Univ. of Cincinnati 
AWYCeYere is BM iN ee Coll. of Phys. and Surg., N. Y. 
NAVIGATE. UIE. 5 a es ee Western Reserye Univ. 
AWARE US SEIRTSI0 1): ccc ee a a Pearl River, N. Y. 
AW GR, JRO OO nee a le a Northwestern Univ. 
SV Guede. Sy HCC) es ee Univ. of Calif., L. A. 
Worry 120s. no ence et eas ee ee OO Harvard Med. 
AY SSO Sie TERETE Cae 0 oe ane ee ee ee Oe Syracuse Univ. 
Wisise@lverles ee ele be Mt. Zion Hosp., San Francisco 
WAr@hes Tar lay a2 ys ee I Uniy. of Ill. Med. 
Wrens, Buri Sp Lely. ee a ee Columbia Univ 
WU ehteiga. PEI a ea Univ. of Chicago 
WY ileln BAS DS 2S, ne .... ....-Glenolden, Pa. 
Weld, Julia T..... . 2 aed ae ES 5 eee eee Columbia Univ. 
AR elkerng, VN, TEL Univ. of Ill. Med. Coll. 
Weller: (Cleicll W289 255) 8s Se Uniy. of Mich. 
AWVCUIG, SESS SS oe ea Rok R ERG Sle ee ea, SAR Carnegie Inst. 
URW SIN Sy, TD. dito cet ante: eee ei oe ee Se ec Uniy. of Minnesota 
WSreitne cert, NAVA EO 2s ea ee ee Kalamazoo, Mich. 
Vil/ouelcewsinnt, (CLINGS 1127 ed & Ge Towa State Coll. 
Wyvcertianeay JN JEN. oh Sok Se RS a St. Louis Univ. 
WWevemei, 1S, (CAS ase Coll. of Phys. and Surg. 
NAVE, UGH ve06 SSS ee meter eee ee Uniy. of Oregon Med. 
Wrestwivandolp ns... -c e222 See ge ee eee Bata Se Presbyterian Hosp., N. Y. 
\WuRege li IS onan aE 32 een Western Reserve Univ. 
Vey nainbtin, LOT Hallie NES Sea ee Stanford Uniy. 
AVNEQSCI! 26 NILEN OA? NCS Eos oe ee N. Y. State Dept. of Health 
{Nidjoyalles (Coes CAI eo Univ. of Rochester 
AY Tafelieets, 10) NG 2 Stanford Univ. 
White, Abraham “oases nt alah oh ee ORCA ee Yale Uniy. 
White, H./ L... ee ter ee tee ee ea eshington Univ: 
Whitehead, Richard W... oferta: SEE oe ee LUNE ie a Univ. of Colo. 
Wible, Charles casa ot eee aaa a See Univ. of Nebraska 
Wireline, athe IN. ceases ere rr Norris, Tenn. 
NIWOT: Ass SS. eee ea ne Jewish Hosp., Brooklyn 
CO Vs si Calif. Inst. of Technology 
Wineutivne, (Chandler eee ee Western Reserve Uniy. 
Willegms;, TEL, Shaq (iG ser tae ene Colo. State Coll. 
AUN ea (Ch TLS a a ee ne Creighton Univ. Med. . 
QT oi a 03 SRR g Ce EN eee ae aa, ca Mass. Mem. Hosp., Boston 


420 Mempers’ List (ALPHABETICAL) 


Williams, El erod tel ae ce ctercseeusese sense escaen tues: Children’s Fund of Mich., Detroit 
Williams, ELOva tho BB soe aaa tec cccot cece oscaecnavenatn sean aweennanteenneshstace ance Columbia Uniy. 
Wallets dss Rite ni faseacctaceetotesce cna teccanemeer: Highland Hosp., Rochester, N. Y. 
Wit ariais; eta Witte eete se cccncaseeatncnar tree tee wae ea Mass. Inst. of Technology 
Williams, Robert Anite co acy tee tecceeteretenet aren ctatedatandae vies Western Electric Co. 
Willige; = Bera yerrratan EL ees ects ce acceso cree enema aecae Johns Hopkins Uniy. 
Willis, -Wilenirvn Siete eteeeeete cen Maybury Sanitarium, Northville, Mich. 
"Wrllsom, TD. WW seta t 2 eee ku caso recs sere ace deen netrtaetee anand n ew saie ore ee ee Univ. of Pa. 
Wilson, © Birarakeln cs cecthecveicas cane tateetesenincy ceneuctent tcnosrant eee ncaa Univ. of Mich. 
Wilson de Ve ncenc ete Sanh See pe ae eae se can cate cade dasa eee tee Brown Univ. 
"Wialson,) James, Rigas) dese ckecszeads soasecteratonaneart tee top ences Syracuse, N. Y. 
Wilsons, Tito ert kel 2c cee teen cee ee een cee U.S. Dept. of Agri. 
Windle, «Wii eat eee ee en 9 ee Northwestern Univ. 
Wrintelow)” (Cee. aks 2 ak ee cate reo eRe nt eee Yale Univ. 
Wittens: Ok A Cae eects chee vc en ee ma State Univ. of Iowa 
Wrirtermtiz; Mii fom Cat eta ese cades ceetceacec egies hegetan cadens daeeusetnemennte evacuees Yale Univ. 
Wantersteinen, : Oskar d cee sccces-ee-cereeeceseeeeee Squibb Inst., New Brunswick, N. J. 
TWiisertiart, ¥ Bi) Rec ieec dy tcc 8 anos o ete a ERS Ohio State Univ. 
Wo teboilesy po Bc oh teece cot cans coeen ss open ce eee oe eace eee aac ee Buffalo Gen. Hosp. 
Watsebit (iat l oo 0k ospere, eras ceccapee st eeastaa cena eect, erected State Univ. of Iowa 
Watzernarns 1 Eid cra elsccctcar cn teeter ik waar Ibe neni mney Univ. of Wise. 
Woe lois Wil aesahetec an sae, ee nea coe as ce eee Ne Columbia Univ. 
WolbachiiSs Buia cceec ects SL ee Re Pe Mem Aare Mee BO Harvard Univ. 
B30) 50: ep ioe oem eee emRc so ee i ter Secae te UE AMC yy ec Albany Med. Coll. 
"Wrormniaick Nip SAN 2 ccsceu ac aec cee ea yaar acne Ree cE Mea at Washington Univ. 
B30) of per PLN Ohad MEM EM een OR MRNA ea 6 Se AUS UE Peiping Union Med. Coll 
Woood, Francis (Coie aie ee a eens See St. Luke’s Hosp., N. Y 
Woods Word Big ean 2 eet he BT AN Ge eee Ree eat Johns Hopkins Univ. 
BY Sferors nah bia ge Dip gt Ui Aine imeeen te eee ARE Ae cn pate a Coes hth Bs enthoc) 8e Yale Univ 
Witter ib, eAant rire Wetec soos, Coes Cee ctanea kee Oceano aoe Albany Med. Coll. 
Wiley elarol dyin. rssvedscch ce eetae serene tania ee eee Univ. of Minn. 
Wirlelnt, leva ce ts iear bes iets 2s oa eee te eee Cornell Univ. Med. Coll. 
SG) cto iC 5 « Meme et) Lae OR no Papin Amma ee ae A) Peiping Union Med. Coll. 
Wrolzens Rosalind ing ti alee ates ohne hetens exe beta ademas Oregon State Coll. 
WY yckoiity ats Wien Grete, cause tsy oc samen nptes ceaeasee Lederle Lab., Pearl River, N. Y. 
Va IN PODAG Ciera. scees. teens oer akc ey Zoological Inst., Tokyo, Japan 

Bl eros Pal Le Sed oe et pe eer Breas A vend RP a Beltsville, Md 
Werkes “Rober Mast cxtsectence tates settee aan ce nen cee Rae Yale Univ 
POMETINA TY, oH yO cee bce areca at haven act ses aecet eee arene Wayne Univ. Med. 
Volar), pW allergy ss tees ce-cecocce <ceeaaceetesscveee ceesencreai eee sent eteae N. Y. Med. Coll. 
Youmans, IGE cai Sarai esr at tenn onsen dec kanS ett ce Univ. of Oregon Med. 
Ron ak O10 Oilne eae Me ey tee ere are emer ere eis Ut tre Dept. of Health, Mich. 
Wome ss Walliari? © rem bec ago hens cake: ieee See Co RE Orange Park, Fla. 
Wounp buries: Give Bicester croc. ac crtctn dee ceneeee eee Univ. of Buffalo Med. 
Wrdicin,' Aarti: Be ccccescescsapeaceaicaash seo cweaa tee astern eet eae oe Yale Univ. 
V hovy Peal), Bos scj titra seneaicce custreped ate ices ea Memorial Hosp., N. Y. 

Deck wer, Taolde WM gca-tiaerncs che ansineacnen ees oh ashe cach eae eet Univ. of Pa. 


LiF Eps, Tas) Geccas shone cxastietioaean ne cashes oes ee a aR ee Merom, Ind. 


421 


rartsessacescsrssrenrtrsnesseeseeseeeseeressreeeeeee DOlping Union Med. Coll. 
Meet fe sstien pict.) inde, Univ, 68: Mann. 

Deaeetaa ener pacer eis iat ee VAGUE, 

Hrttecseeernnveereenenee Cripps Inst. of Oceanography 
serstasenscaseartnerastenssnserecerennerssasseneeeeneeneeseeere OTUSALEM, Palestine 
eeMEMeb elo yy oh. dt Columbia Univ, 
eeteentntennsneectnssneesseeassresecreessseeee Ol, Of Phys. and Surg., N. Y. 


422 
MEMBERS’ LIST (By Sections) 
Sections 


Cleveland, O., Section 


Westerr Reserve Universitty—Beek C. S., Crile G. W., Doull J. A., Dorf- 
man R. I, Eeker E. E., Ernstene A. C., Feil H., Fraps R. M., Freedlander 
S. O., Gerstenberger H. J., Goldblatt H., Green H. D., Gregg D. E., Gyorgy 
P., Hambourger W. E., Hanzal R. F., Hayman J. M. Jr., Hemle R. W,, 
Heymann W., Hunscher H. A., Karsner H. T., Kline B. S., MeCallagh D. R., 
Megrail E., Mull J. W., Muntwyler E., Myers V. C., Quigley J. P., Scott R. 
W., Shibley G. S., Sollmann T., Toomey J. A., Trattner H. R., Wearn J. T., 
Weégria R., Wetzel N. C., Wiggers C. J. 

Miscellaneous—Bernhart F. W., Cohen M. B., Dominguez R., Glasser O., 
Haden R. L., Maison G. L., Peskind S. 


District of Columbia Section 


Armstrong C., Balls A. K., Bengston I. A.. Blum H. F., Branham S. E., 
Burk D., Byerly T. C., Cary C. A., Coulson E. J., Cram E. B., Crittenden 
P. J., Csonka F. A., DeSavitseh E., Dyer R. E., Dyer H. M., Earle W. R., 
Eddy N. B., Evans A. C., Herwiek R. P., Hess W. C., Holm C. F., Hollaender 
A., Howe P. E., Jackson R. W., Juha M. Katzenelbogen S, Rake E. 0. 
Koppényi T., Larkum N. W., Leake J. P., Leese C. E., Tanesar! C. R., Maloney 
A. H., Mayer M. E., Nelson E. M., Parr L. W., Pinkston J. O., Pittman M., 
Ploiz H., Roe J. H., Roth G. B., Schultz M. P., Schwartz B., Rhamkin M. Bs 
Shock N. W., Simmons J. S., Smith M. I, Stamard M., ‘Sollwan ME XS 
Titus H. W., Van Winkle W. Jr. Veldee M. V., Verder E., Voegtlin C., von 
Brand T. 


lilmois Section 


Universtiy of Chicage—Alving A. S., Barron E. S. G., Bloch R. G., 
tes W., Boor A. K., Brunsehwig A., See W., rat annon P. R., Carlson 
, Child C. M., Compere E., Dack G. M., Davidsohn jhe Dick G. 
Se W. J.. Domm L. V., Dragstedt L. R., Richellicropr L; Rvaite 
E, A. Jr., Fredemann T. E., Gallagher T. F., Geiling E. M. K., Gerard 
R. W., Gomori G., Grimson K. S., Hamilton B. Hanke M. E., Harton R. 
W., Hesseltine H. C., Huggins C. B., Johnson C. A. Kleitman N., Kliiver 
H., Koch F. C., Kaser S. A. eine fe Ialhe F. R., Lilhe R. S., Tnckianat 
A. B., McLean F., Miller C. P. Jr., Miller B. F., Moore C. R., Mullin F- A fe 
Palmer W. L., Phemister D. B., Ragi s I. K., Robertson O. H., ‘Schlutz F. W. 
Snyder F. F., Sill E. U., Weiss P. A. 


Umiversiiy of Iilinois—Arnold L., Bachem A., Bailey P. V., Bergeim 0O., 
Cole A. G., Cole W. H., Gellhorn E., Herrold R. D.., Keeton p Pe W. Serine 
S. A., MeGuigan H. A.. Mitchell H. H., Nedzel A. a Novak M. v. Oldberg 
E., Pilot L, Popper H., Puestow C. B., Reed C. L, Roberts E., Rose W. Cc. 
Rosenthal S. R., Sehour I, Stegzerda F. R., Tanner FW. Wakerlin G. E, 
Weiss EL. Welker W. H. 


Memeers’ List (By SECTIONS) 423 


Northwestern University—Abt A. F., Alt H. L., Bing F. C., Day A. A., 
Dragstedt C. A., Farmer C., Gray J. S., Gunn F. D., Hepler O. E., Ivy A. C., 
Jones K. K., Jung F. T., Kendall A. I., Pollock L. F., Ranson §. W., Rhoads 
P. §., Simonds J. P., Starr M. P., Turner C. D., Walker A. W., Weil A., 
Windle W. F. 

Miscellaneous—Boyd T. B., Buchbinder W. C., Chen G. M., Davis D. J., 
Davis M. B., Friedman M. H., Givens M. H., Gustus E. L., Hinrichs M. A., 
Hoffman W. S., Horwitt M. K., Howell K. M., Isaacs R., Jacobs H. R., 
Katz L. N., Kunde M. M., Larson J. A., Levine R., Lueth H. C., Necheles H., 
Nielsen C., Nice L. B., Oesting R. B., Popper H. L., Richards R. K., Roberts 
R. G., Rosahn P. D., Schultz O. T., Sendroy J. Jr., Shaughnessy H. J., 
Sheinin J. J., Soskin S., Sweany H. C., Tannenbaum A., Taubenhaus M., 
Templeton R. D., Thompson W. O., Tweedy W. R., Wang C. C. 


Iowa Section 


State University of Towa—Barer A, P., Berg C. P., Bodine J. H., De- 
Gowin EH. L., Fowler W. M., Gibson R. B., Greene J. A., Gross EK. G., Hale 
W. M., Hines H. M., Ingram W. R., Jahn T. L., Jeans P. C., Knowlton 
G. C., Korns H. M., Loehwing W. F., McClintock J. T., Mattill H. A., Paul 
W. D., Plass HE. D., Seegers W. H., Smith I’. M., Smith H. P., Steindler A.., 
Tuttle W. W., Warner EH. D., Winter C. A., Witschi E. 

Towa State College—Becker EK. R., Buchanan R. E., Fulmer EH. I., Ham- 
mer B. W., Hewitt KE. A., Levine M., Nelson V. E., Smith EK. A., Tauber O. 
K., Werkman C. FH. 


Minnesota Section 


University of Minnesota—Amberg §., Anderson J. K., Armstrong W. D., 
Barnes R. H., Bieter R. N., Blount R. F., Bollman J. L., Boothby W. W., 
Boyden H. A., Burr G. O., Clark W. G., Clawson B. J., Evans G. T., Gortner 
R. A., Green R. G., Hansen A. E., Hemingway A., Henrici A. T., Hirsch- 
felder A. D., Jackson C. M., Kendall B. C., Keys A., King J. T., Larson 
W. P., McKinley J. C., McQuarrie I., Miller KE. 8., Palmer L. S., Petersen 
W. E., Rasmussen A. T., Rosenow E. C., Samuels L. T., Sanford A. H., Seam- 
mon ht. E., Seott F. H., Skinner C. E., Spink W. W., Stenstrom W., Stoesser 
A. V., Visscher M. B., Wangensteen O, H., Watson C. J., Wells L. J.. Wright 


H.N., Ziegler M. R. 


Mayo Foundation—Alvarez W. C., Code C. F., Essex H. B., Helmholz 

Hf. ¥., Higgins G. M., Hinshaw H. C., Magath T. B., Mann F. C., Sheard C. 
| Missouri Section 

St. Louis University—Auer J., Broun G. O., Christensen K., Doisy E. A., 
Fleisher M. 8., Franke F. 8., Graves W. W., Griffith W. H., Hertzman <A. B., 
Jones L, R., Katzman P. A., Kinsella R. A., Krueger H. M., Kuntz A., Luyet 
B. J., MeCaughan J. M., Shaklee A. O., Thayer 8. A.. Wade N. J., Werner 
A. A. 

Washington University—Alexander H. L., Bartley 8. H., Bishop G. H., 
Bronfenbrenner J., Bulger H. A., Cooke J. V., Cori C. F., Cowdry E. V., 
Erlanger J., Gilson A. S. Jr., Graham HW. A., Graham HH. T., Heinbecker P., 


424 Memsers’ List (By Sections) 


Julianelle L. A., Key J. A., Lindegren C. C., Loeb L., Moore C. V. Jr., O'Leary 
J. L., Olmstead W. H., Ronzoni E., Seott G. H., Shaffer P. A., Welch A. D., 
Wenner W. F., White H. L., Womack N. A. 

Miscellaneous—Ellis M. M., Gray S. H., Hogan A. G., Jorstad L. H., 
Pinkerton H., Somogyi M., Turner C. W., Uber F. M. 


New York Section 


Carnegie Institute—Davenport C. B., MacDowell E. C., Reynolds S. R. 
M., Riddle O., Wells B. B. 

College of the City of New York—Dawson J. A., Etkin W., Goldforb A. 
J., Harrow B., Sayles L. P. 

Columbia University—Barth L. G., Calkins G. N., Dunn L. C., Gregory 
L. H., MacLeod G., Sherman H. C., Woglom W. H. College of Physicians 
and Surgeons—Abramson H. A., Andersen D. H., Atchley D. W., Barach 
A. L., Bauman L., Berg B. N., Boots R. H., Brand E., Chargafft E., Clark 
A. R., Clarke H. T., Copenhaver W. M., Danforth D. N., Dawson M. H., 
Detwiler 8S. R., Dochez A. R., Elsberg C. A., Engle E. T., Geyelin H. R., 
Gies W. J., Goettsch E., Gregersen M. I., Gutman A. B., Hall I. C., Hanger 
F. M. Jr., Heidelberger M., Heiman J., Hopkins J. G., Jobling J. W., Junge- 
blut C., Kendall F. E., Kesten H. D., Kurzrok R., Levin L., Levy R. L., 
Lieb C. C., Loeb R. F., MeIntosh R., Mettler F. A., Meyer K., Miller E. G. Jr., 
Mulinos M. G., Myers C. N., Olmstead M. P., Oppenheimer B. S., Ornstein 
G. G., Palmer W. W., Pappenheimer A. M., Richter M., Root W. S., Seegal 
B. C., Severinghaus A. E., Smelser G. K., Smetana H., Smith P. E., Sperry 
W., Steinbach M. M., Thomas A. W., Turner K. B., Wang S. C., Webster 
J. P., Weech A. A., Weiss H., Weld J. T., Werner S. C., West R., Williams 
H. B., Zucker T. F., Zwemer R. L. 

Cornell University Medical College—Andrus W. deW., Bagge H. J., 
Barr D. P., Cattell M., Cecil R. L., Chambers W. H., DuBois E. F., Du- 
Vigneaud V., Edwards D. J., Elser W. J.. Ewing J., Furth J., Gold H., 
Grace A. W., Hatcher R. A., Hinsey J. C., Hannon R. R., Hardy J. D., 
Kahn M. C., Ladd W. S., Levine S. Z., Loebel R. O., Magill T. P., Miles 
W. L., Milhorat A. T., Moore R. A., Neill J. M., Papanicolaou G. N., Phillips 
R. A., Pollack H., Reznikoff P., Robinson G. C., Schloss O. M., Shorr E., 
Smith C. H., Stewart H. J., Stillman R. G., Suge J. Y., Torrey J. C., Webster 
B., Wright I. 8. 

Montefiore Hospital—Baumann E. J., Ellinger F. P., Levine M., Marine 
D., Ringer M., Rosen S. H., Sandberg M. 

Mt. Sinai Hospital—Baehr G., Bender M. B., Bierman W., Crohn B. B. 
Doubilet H., Epstein A. A., Frank R. T., Geist S. H., Glick D., Harkavy J., 
Hollander F., Karelitz S., Kohn J. L., Lewisohn R., Ottenberg R., Pick E. P., 
Rothschild M. A., Salmon U. J., Schick B., Schwartzman G., Sobotka H. H. 

New York Medical College—Cope O. M., Danzer C. S., Dotti L. B., 
Kleiner I. S., Stark M. B., Tauber H., Youland W. E. 

New York University Medical College—Bakwin H., Barber W. H., Bat- 
terman R. C., Bing R. J., Birnbaum G. L., Bodansky O., Brooks H., Bueding 
E., Burstein C. L., Cannan R. K., Chambers R., Charipper H. A., Co Tui © 
F. W., DeBodo R., DeGraff A. C., Eisberg H. B., Gaunt R., Gettler A. O., 


Mempers’ List (By SEcTIoNs) 425 


Goldfarb W., Goldfelder A., Goldring W., Graef I., Greenwald I., Hall R. P., 
Helff O. M., Jolliffe N. H., Levy M., McEwen C., Marrazzi A. S., Nadler 
J. E., Neuwirth I., Pappenheimer A. M. Jr., Peck S. M., Ralli E. P., Ratner 
B., Rovenstine E. A., Saslow G., Sheehan D.,- Silberberg M., Smith H. W., 
Stunkard H. W., Symmers D., Tillett W. S., Wallace G. B. 

New York Post-Graduate Medical School—Bailey C. V., Bruger M., 
Crampton C. W., Flexner J., Halsey R. H., Katayama I., Killian J. A., 
Mac Neal W. J., Mosenthal H. O., Marshall C. Jr., Sulzberger M. B. 

Princeton University—Conklin E. G., Harvey E. N., Johnson F. H. 
Swingle W. W. 


Rockefeller Institute—Amoss H. L., Avery O. T., Bauer J. H., Bergmann 


. M., Brown W. H., Claude A., Cohn A. E., Cole R., Dubos R. J., Flexner S., 


Florence L., Friedewald W. F., Gasser H. S., Goodner K., Hoagland C. L., 
Horsfall F. L. Jr., Jacobs W. A., Kidd J. G., Kunitz M., Landsteiner K., 
Lynch C. J., MacMaster P. D., Michaelis L., Mirsky A. E., Murphy J. B., 
Murray H. A. Jr., Northrop J. H., Olitsky P. K., Opie E. L., Osterhout 


- W. J. V., Pearce L., Rivers T. M., Rous P., Shope R. E., Smadel J. E., Stan- 


ley W. M., Swift H. F., Ten Broeck C., Van Slyke D. D., Webster L. T. 


Rutgers University—Anderson J. F., Cole W. H., Murray T. J., Nelson 
T. C., Reece R. P., Waksman §S. A. 

Yale University—Allen E., Anderson R. J., Baitsell G. A., Barbour H. 
G., Bayne-Jones §., Blake F. G., Chittenden R. H., Cowgill G. R., Duran- 
Reynals F., Figge F. H. J., Fulton J. F., Gardner W. U., Gilman A., Good- 
man L., Greene H. 8. N., Harrison R. G., Harvey 8. C., Hussey R., Johnson 
T. B., Miles W. R., Morse A., Nicholas J. S., Orten J. M., Oughterson A. W., 
Peters J. P., Powers G. F., Rosahn P. D., Salter W. T., Smith P. K., Stone 
L. 8., Strong L. C., Thompson K. W., Van Wagenen G., White A., Winslow 
C.-E. A., Winternitz M. C., Woodruff L. L., Yerkes R. M., Yudkin A. M., 
Zimmerman H. M. 


Miscellaneous—Adlersberg D., Anderson W. E., Ansbacher S., Antopol 
W., Arnow L. E., Barlow O. W., Behre J. A., Berg W. N., Blair J. E., 
Blatherwick N. R., Block R. J., Bernhard A., Bodansky A., Brodie M., 
Brown R., Bullowa J. G. M., Bunney W. E., Byrne J., Cerecedo L. R., Cheney 
R. H., Clark G. W., Cimenko D. R., Chow B. F., Coca A. F., Collens W. S., 
Cook C. A., Coombs H. C., Curtis M. R., Dakin H. D., Dalldorf G., Daniels 
A. L., Dubin H. E., Du Bois F. S., Eddy W. H., Eggston A. A., Emerson 
G. A., Famulener L. W., Ferraro A., Field C. W., Fine M. S., Fishberg E. 
H., Forkner C. H., Foster R: H. K., Frankel F. H., Freedman L., Freund J., 
Funk C., Gager C. §., Garbat A. L., Gardner L. U., Gelarie A. J., Glaubach 
S., Goldberg 8. A., Goldfarb W., Greene C. H., Greep R. O., Gudernatsch F., 
Haig C., Harris I. F., Harris M. M., Harrop G. A., Jr., Hawk P. B., Him- 
wich H. E., Hooper C. W., Irwin M., Jaffe H. L., Jensen H. F., Kirkbride 
M. B., Kissen M., Knudson A., Koch M. O., Kopeloff N., Koster H., Kramer 
B., Krasnow F., Kugelmass I. N., Kurotehkin T. J., Kuttner A, G., Lambert 
R. A., Lancefield D. E., Landis C., Levine P., Lichtenstein L., Loewe S., Mc- 
Iver M. A., Mackenzie G. M., Maltaner E. J., Maltaner F., Mann H., Mar- 
morsten J., Marsh R. P., Martin G. J., Martin S. J., Master A. M., Medlar 
E. M., Meyer A. E., Miller H. R., Millet J. A. P., Molitor H., Morrell J. A., 
Muckenfuss R. S., Muller H. J., Naumann H. N., Obreshkove V., Oliver J., 


426 Mempers’ List (By SeEcrions) 


Oliver W. W., Pack G. T., Pearce J. M., Petroff S. A., Pinner M., Ponder E., 
Rake G. W., Rakieten M. L., Ray G. B., Reiner L., Rhoads C. P., Rizzolo A., 
Rohdenburg G. L., Rose A. R., Rosenthal L., Ross V., Rubin 8. H., Rugh R., 
Russell W. C., Salant W., Sawyer W. A., Scheff G., Schiff F., Schneider E. C., 
Schwind J. L., Seudi J. V., Seecof D., Seegal D., Shannon J. A., Sharlit H., 
Sherman W. B., Sherwin GC. P., Shilling C. W., Sickles G. M., Smith C. A., 
Snyder J. C., Soffer L. J., Steele J. M., Sugiura K., Sweet J. E., Tauber H., 
Thalhimer W., Tolstoi E., Torrance C. C., Van Dyke H. B., Vickery H. B., 
Victor J., Vogel K. M., Wadsworth A. B., Walzer M., Wheeler M. W., Weil 
A. J., Wiener A. S., Williams R. R., Wintersteiner O., Wolfe J. M., Wood 
F. C., Wright A. W., Wyckoff R. W. G., Zahl P. A. 


Pacific Coast Section 


University of Califorma—Almquist H. J., Althausen T. L., Asmundson 
V. S., Brooks M. M., Brooks S. C., Carr J. L., Chaikoff I: L., Cole H. H., 
Cook §. F., Daniel J. F., Evans H. M., Fraenkel-Conrat H., Goss H., Green- 
berg D. M., Gregory P. W., Gurchot C., Hart G. H., Hinman F., Hobmaier 
M., Hoskins W., Howitt B. F., Jukes T. H., Kerr W. J., Kleiber M., Kofoid 
C. A., Krueger A. P., Lawrence J. H., Leake C. D., Lipman C. B., Lucas 
W. P., Lucia S. P., Lyons W. R., Marshak A. G., Marshall M. S., Mettier 
S. R., Meyer K. F., Montgomery M. L., Morgan A. F., Mudge C. S., Ogden 
E., Okey R. E., Olmsted J. M. D., Page E. W., Perry I. H., Reed H. S., Rine- 
hart J. F., Salle A. J., Schmidt C. L. A., Simpson M. E., Smyth F. 8., Soley 
M. H., Walker E. L. 


Stanford University-—Addis T., Barnett G. D., Baumberger J. P., Beard 
P., Blinks L. R., Bloomfield A. L., Clifton C. E., Cutting W. C., Danforth 
C. H., DeEds F., Dock W., Emge L. A., Faber H. K., Field J., Fluhmann 
C. F., Gray H., Hall V. E., Hanzlik P. J., Holman E., Jameson E., Luck J. 
M., McNaught J. B., Manwaring W. H., Meyer A. W., Newman H. W., Read 
J. M., Reichert F. L., Rytand D. A., Schultz E. W., Shafer G. D., Stockton 
A. B., Stone C. P., Storey T., Tainter M. L., Weymouth F. W., Whitaker 
D. M., Wilson R. 

Miscellanecous—Biskind G. R., Eaton M. D., Fevold H. L., Friedman 
M. W., Geiger E., Graeser J. B., Kaplan A., Koehler A. E., Langstroth L., 
Larson C. E., Pencharz R. I., Proescher F., Sansum W. D., Torrey H. B., 
Weiss C. 


Peiping Section 


Peiping Union Medical College—Anderson H. H., Chang H., Chen 
T. T., Chu F. T., Chung H. L., Feng T. P., Fortuyn A. B. D., Hoeppli R. 
J. C., Hu C. H., Hu C. K., Kronfeld P. C., Li R. C., Lim C. E., Lim R. K., 
Liu S$. C., Lin 8. H., Ma W..C., Mu J. W., Snapper I., Tsen E. T. H., Wong 
S. €., Wu EL, Zia §: H- 

Miscellaneous—Chang H. C., Cheer S. N., Hou H., Ni T., Pak C., Read 
B. E., Smyly H. J. 


Rocky Mountain Section 


Miscellaneous—Boissevain C. H., Buchanan A. R., Clausen H. J., Corper 
H. J., D’Amour F. E., Draper W. B., Gassner F. X., Gustayson R. G., Hill 


Mempers’ List (By SEcTIONS) 427 


R. M., Huddleston O. L., Lewis R. C., Longwell B. B., Ramaley F:, Thompson 
R., Thorp F. Jr., Virtue R. W., Wallin I. E., Ward J. C., Whitehead R. H., 
Wilgus H. S. Jr. 


Southern Section 


Tulane University—Bass C. C., Cohn 1., Cummins H., Duval C. W., 
Faust E. C., Harris W. H., Hathaway EK. S., Katz G., Laurens H., Mayerson 
H. 8., Matas R., Menville L. J., Musser J. H. Jr., Nadler S. B., Nelson E. E., 
Ochsner E. W. A., Schattenberg H. J., Seott L. C., Silverman D. N., Sode- 
man W. A., Toth L, A., Turner R. H. 

Louisiana State University—Ashman R., Beard H. H., Brooks C., Bur- 
don K. L., Burns B. L., Casey A. E., Davis H. A., Eaton A. G., Halpert B., 
Melampy R. M., Reynolds C., Stasney J., Swartzwelder J. C., Tripoli C. J. 

Miscellaneous—Bodansky M., Boyee F. F., Bureh G. E., Carmichael 
EK. B., Decherd G. M., Herrmann G. R., Keller A. D., Levine B. 8., Poe C. F., 
Walton R. P. 


Southern California Section 


California Institute of Technology—Borsook H., Morgan T. H., van 
Harreveld A., Tyler D. B., Wiersma C. A. G. 

University of California at Los Angeles—Allen B. M., Ball G. H., Beck- 
with T. D., Dunn M. S., Fearing F., Gengerelli J. A., Jennings H. S., 
Schechtman A. M., Sponsler O. L., Weinberg S. J. 

University of Southern California—Baldwin F. M., Butt E. M., Butts 
J. S., Deuel H. J.. Drury D. R., Greeley P. O., Hall E. M., Hoyt A. P. S., 
Kessel J. F., McKibben P. §., Mehl J. W., Thienes C. H., Travis L. EB. 

Scripps Institution of Oceanography—Fox D. L., Saunders F., Sumner 
F. B., Zobell C. B. 

Miscellaneous—Alles G. A., Andrews E., Ball H. A., Bogen E., Bonner 
J., Burrows M. T., Geiger E., Gilchrist F. G., Lamson R. W., MacKay E. M., 
MeGinitie G. E., Nathanson M. H., Pohlman A. G., Strouse S. 


Western New York Section 


University of Bujffalo—Bowen B. D., Dolley W. L. Jrv., Edwards J. G., 
Emery F. E., Griffith F. R., Hubbard R. S., Humphrey R. R., Miller D. K., 
Neter E., Richards O. W., Vaughan 8. L., Witebsky E., Youngbure G. E. 

Cornell University—Adolph W. H., Asdell S. A., Dukes H. Hy Dye 
J: Ax, Hagan W. A., Hayden C. E:, Leonard 8. L., Liddell H.S., Maynard 
L, A., Norris L. C., Rahn O., Romanoff A. L., Sharp P. F., Sherman J. M., 
Stark C. N.; Sumner J. B., Travell J. 


University of Rochester—Adolph KE. F., Berry G. P., Bloor W. R., Brad- 
ford W. R., Carpenter C. M., Claussen S. W., Culler E. A., Fenn W. O., 
Girden E.; Hodge H. C., McCann W. 8., MeCoy O. R., Mason K. E., Meneely 
G. R., Morton J. J., Murlin J. R., Syverton J. T., Tobin C. E., Wedd A. M., 
Whipple G. H. 

Syracuse University—Brewer R. K., Dooley M. S., Hegnauer A. H., 
Knowlton F. P., Manwell A. D., Mitchell O. W. H., Robb J. S., Weiskotten 
H. G., Wilson J. R. 


428 Memeers’ List (By SEcTIoNns) 


Miscellaneous—Butcher E. O., Hess W. N., Pinner M., Thomas W. &., 
Williams J. R. 


Wisconsin Section 


University of Wisconsin—Bast T. H., Bradley H. C., Bunting C. H., 
Casida L. E., Clark P. F., Cole L. J., Duggar B. M., Elvehjem C. A., Hyster 
J. A. E., Gilbert E. M., Guyer M. F., Hart £. B., Hastings E. J., Hellebrandt 
F. A., Irwin M. R., Keitt G. W., Lorenz W. F., Meek W. J., Meyer O. O., 
Meyer R. K., Middleton W. S., Nichols M. S., Parsons H. T., Peterson W. H., 
Phillips P. H., Reynolds C., Rusch H. P., Seastone C. V., Sevringhaus EH. L., 
Stovall W. L., Sullivan W. E., Tatum A. L., Walton D. C., Witzemann E. J. 


Marquette University—Beckman H., Bock J. C., Booher L. E., Carey 
E. J., Quick A. J., Swindle P. F. 


Miscellaneous—Hansmann G. H., Turner R. G. 


Not Affiliated With Sections 


Alabama—Carmichael E. B., Foley J. O., Goss C. M., Hinman E. H., 
Keller A. D., Pomerat C. M., Spies T. D. 


Arkansas—Davis J. ., Day P. L., Sure B. 

Delaware—Angevine D. M., Farr L. E., Linton R. W. 

Florida—Pellini E. J., Young W. C. 

Georgia—Briggs A. P., Jacobs J. L., Kelly G. L., Sydenstricker V. P. 


Indiana—Bills C. E., Chen K. K., Clowes G. H. A., Corley R. C., Cox 
W. M. Jr., Helmer O. M., Hiestand W. A., McClung L. §., Page I. H., Powell 
H. M., Zerfas L. G. 


Kansas—W alters O. S., Weber C. J. 


Kentucky—Brinkhous K. M., Edwards P. R., Knoefel P. K., Lawson 
H€: 

Maine—Little C. C., Morse T. S. 

Maryland—Johns Hopkins Umiversity—Andrus E. C., Blumberg H., 
Brown J. H., Buell Mary V., Burky E. L., Cohen B., Eastman N. J., Ells- 
worth R. M., Firor W. M., Geiling E. M. K., Holt L. E. Jr.. Howe H. A., 
Lee F. S., Leonard V., Long P. H., Longcope W. T., McCollum E. V., Macht 
D. I., MacKenzie C. G., Marshall E. K. Jr., Marshall W. H., Martin L., 
Maxcy K. F., Meyer A., Park E. A., Pfeiffer J. A., Rich A. R., Richter C. P., 
Willier B. H., Wood W. B. Jr. Miscellaneous—Amberson W. R., Burns 
R. K. Jr., Carr C. J., Corner G. W., Frazier C. N., Frobisher M. Jr., Henshaw 
P. S., Krantz J. C. Jr., Rubinstein H., Shear M. J., Stewart H. L., Turner 
T. B., Uhlenhuth E., Von Oettingen W. F., Walton D. C., Yeager J. F. 


Massachusetts—Boston City Hospital—Dingle J. H., Finland M., Keefer 
C. S., Nye R. N., Minot G. R., Harvard University—Aub J. C., Blumgart H. 
L., Cannon W. B., Christian H. A., Cutler E. C., Enders J. F., Ferry R. M., 
Forbes H., Gamble J. L., Hastings A. B., Hisaw F. L., Hunt R., Joslin E. P., 
Lee M. O., Menkin V., Moritz A. R., Mueller J. H., Nathanson I. T., Parker 
G. H., Quinby W. C., Shohl A. T., Stiles P. G., Strong R. P., Warren §., 
Weinman D., Wolbach S. B. Miscellaneous—Adams A. E., Altschule M. D., 
Avery B. F., Belding D. L., Carmichael L., Dienes L., Dieuaide F. R., Fine 


Mempers’ List (By Sections) 429 


J.. Freeman R. G. Jr., Gilligan D. R., Glaser O. C., Hooker 8. B., Looney 
J. M., Malamud W., Mitchell H. 8., Parker F. Jr., Pratt F. H., Pratt J. H., 
Rapport D., Robinson E. §., Rubin M. A., Schlesinger M. J., Schmitt F. O., 
Smith G. V., Smith M., Wilkins R. W., Williams J. W. 

Michigan—University of Michigan—Bean J. W., Cahill W. M., Christ- 
man A. A., Coggeshall L. T., Eckstein H. C., Ferguson J. H., Francis T. Jr., 
Gesell R., Huber G. C., Kahn R. L., Lewis H. B., Newburgh L. H., Nicholson 
H. C., Novy F. G., Nungester W., Roseboom B. B., Sacks J., Seevers M. H., 
Soule M. H., Sturgis C. C., Weller C. V., Wilson F. N., Wayne University— 
Altshuler 8. S., Cahill W. M., Creaser C. W., Cutuly E., Haterius H. O., 
Lehman A. J., Nelson W. O., Patterson T. L., Rulon O., Smith A. H., Yonk- 
man F. F. Miscellaneous—Bates R. W., Gaebler O. H., Harkins H. N., Hart- 
man F. W., Kamm 0., Kober P. A., Kramer S. D., Lands A. M., Larson J. A., 
Loew E. R., McGinty D. A., Mallman W. L., Muehlberger ‘C. W., Norton 
J. F., Pfeiffer C. C., Pfiffner J. J.. Sahyun M., Schooley J. P., Shiple G. J., 
Wenner W. F., Williams H. H., Willis H. 8., Young C. C. 


Mississip pi—W alton R. P. 

Montana—Cox H. R. 

Nebraska—Hill F. C., Holck H. G. O., Johnston C. G., Levine V. E., 
Lewis K. H., McIntyre A. R., Wilhelmj C. J., Wible C. L. 

North Carolina—Beard J. W., Cunningham B., Holman R. L., MaeNider 
W. deB., Perlzweig W. A., Satterfield G. H., Smith D. T., Sprunt D. H., 
Swett F. H. 

Ohio—University of Cincinnati—Cooper M. L., Fischer M. H., Jackson 
D. E., Shiro T., Wedum A. G. Ohio State University—Bozler E., Brown 
J. B., Curtis G. M., Doan C. A., Durrant EH. P., Hartman F. A., Hitchcock 
F. A., Hudson N. P., Logan M. A., Lyman J. F., Schmidt L. H., Smith C. S., 
von Haam H. E., Warkany J., Wiseman B. K. Miscellaneous—Abramson 
D. I., Collier W. D., Gall E. A.. Kemp H. A., Mirsky I. A., Peskind S., Sabin 
A. R., Steinberg B. 

Oklahoma—Everett M. R., Hellbaum A. A., Smith P. W. 


Oregon—Allen W. F., Bahrs A. M., Butts J. S., Dow R. S., Haney H. F., 
Larsell O., Manville F. A., Moore A. R., Moore M. M., Osgood E. E., Sears 
H. J., West E. 8., Williams R. J., Wulzen R., Youmans W. B. 


Pennsylvania—University of Pennsyluania—Aronson J. D., Austin J. 
H., Bazett H. C., Brewer G., Bronk, D. W., Chouke K. S., DeRenyi G. &., 
Dohan F. C., Drabkin D. L., Goldschmidt S., Griffith J. Q. Jr., Heilbrunn 
L. V., Hober R., Jacobs M. H., Jonas L., Kolmer J. A., Krumbhaar E. B., 
Long C. N. H., Long E. R., Lucke B., Lukens F. D. W., Lurie M. B., Me- 
Cutcheon M., Mudd S., Murphy D. P., Pepper O. H. P., Raiziss G. W., 
Ravdin I. §,, Reimann S. P., Richards A. N., Richardson R., Schmidt C. F., 
Vars H. M., Wilson D. W., Zeckwer I. T. University of Pittshurgh—Donald- 
son J. C., Guthrie C. G., Haythorn §., Hooker D., King C. G., Kruse T. K., 
McEHllroy W. S., MeMeans J. M., Menten M. L., Permar H. H., Ray H. M., 
Rogoff J. M. Miscellaneous—Beutner R., Cantarow A., Collins D. A., Cooper 
F. B., Dutcher R. A., Dresbach M., Eberson F., Favorite G. O., Fellows E. J., 
Githens T. §., Gordon W. G., Greisheimer E., Gross P., Gruber C. M., 
Guerrant N. B., Hadley P., Hafkesbring H. R., Harned B. K., Haury V. G., 
Hoffman G. L., King H. D., Larson E., Locke A. P., McClendon J. F., Medes 


430 Mempsers’ List (By SEcTIONS) 


G., Mellon R. R., Meranze D. R., Michels N. A., Miller F. R., Moon V. H., 
Nicholls E. E., Paschkis K. E., Pemberton R., Reimann H. A., Rowntree L. 
G., Seibert F. B., Shapiro H., Shinn L. E., Smith L. W., Spiegel E., Spiegel 
Adolf M., Stansby W. J., Thomas J. E., Tocantins L. M., Wastl H. 

Rhode Island—Lindsley D. B., Stuart C. A., Wilson J. W. 

South Carolina—Clark George 

South Dakota—Shaw E. H. Jr., Sweeney H. M. 

Tennessee—Barker §. B., Bernthal T. G., Burch J. C., Chadwick C. S., 
Corbin K. B., Crandall L. A. Jr., Garrey W. E., Gibbs O. S., Johlin J. M., 
Lamson P. D., Richardson A. P., Rigdon R. H., Robinson C. §., Seager L. D., 
Stekol J. A., Terry B. T., Turner E. L., Wiebe A. H. 

Texas—Decherd G. M., Hendrix B. M., Herrmann G. R., Lund E. J., 
Pearson P. B., Rogers F. T., Selle W. A., Swann H. G. 

Utah—Johnson C. C., Freudenberger C. B., McKenzie F. F. 

Vermont—Leonard C. §., Pierce H. B. 

Virginia—Apperly F. L., Cash J. R., Corey E. L., Fischer E., Forbes 
J. C., Haag H. B., Horsley J. S., Ingersoll E. H., Jordan H. E., Kindred J. 
E., Landis E. M., Larson P. 8., Main R. J., Spealman C. R. 

Washington—Norris E. R., Terry B. T. 

West Virginia—Emerson G. A., MacLachlan P. L., Van Liere EK. J. 

Africa—Hughes T. P., Smithburn K. T. 

Argentina—Luduena F. P. 

Australia—Davies H. W. 

Belgium—Dautrebande L., Heymans C. 

Brazil—Lennette E. H., Rocha e Silva M. 

Canada—Babkin B. P., Boyd E. M., Browne J. S. L., Cameron A. T., 
Chidester F. E., Collip J. B., Cruickshank E. W. H., Dalton A. J., Ferguson 
J. K. W., Holman W. L., McEachern Donald, Meakins J., Miller F. R., 
Oertel H., Penfield W. G., Robertson E. C., Roome N. W., Selye H., Sinclair 
R. G., Tisdall F. F., Wasteneys H. 

Chile—Lipschiitz A. 

Czechoslovakia—Krizenecky J. 

Denmark—Fischer A., Fridericia L. S. 

England—Carruthers A., Gaskell J. F. 

France—Harde E., Miller H. M. Jr. 

Germany—Mueller E. F., Thomas K. 

Hawaii—Sia R. H. P. 

Hungary—Tomesik J. 

India—Van Allen C. M. 

Japan—Uyei N., Yatsu N. 

Mexico—Castaneda M. R. 

Norway—Birkhaug K. E., Salvesen H. A. 

Palestine—Halberstaedter L., Kligler I. J., Zondek B. 

Philippine Islands—Hanks J. H., Sherman H. E. 

Puerto Rico—Cook D. H., Morales-Otero P. 

Russia—London E. §. 

Scotland—Greenwood A. 

Switzerland—Asher L. 

Syria—Dennis E. W., Hampel C. W., Miller G. H. 


431 


AUTHORS’ INDEX 


(The numerals indicate the page.) 


Aidar, O. J. 365. 

Albert, S. 159. 

Alles, G. A. 288. 

Apperly, F. L., and Cary, M. K. Blood Cl, 
HCOsz distribution after adding HCl. 49. 

Armstrong, W. D. 363. 

Asmundson, V. S. Turkey, skeletal abnor- 
malities. 120. 

Austin, J. H. 184. 


Baker, A. K., Kline, B. E., and Rusch, H. 
P. Melanin formation, carcinogenic azo 
dye derivatives. 361. 

Barkan, G., and Schales, O. Iron, ionized, 
origin, vo effect. 74. 

Beard, D. a Bebb 

Beard, J. W. "205, 358. 

Beckman, H. Plasmodium cathemerium in- 
fection, 90. 

Bellis, C. J. Venous pressure, portal, 258. 

Blevins, A. 176. 

Block, W. D. 253. 

Bollman, J. L. Vit. B, glucose feeding. 18. 

Boor, A. K. Meningococcus, gonococcus, 
metabolic difference. 22. 

Borg, A. F. 332. 

Bromberg, Y. M. 116. 

Brown, F. A., Jr. Sinus gland removal. 295. 

Bruner, D. W., and Edwards, P. R. Sal- 
monella antigens. 174. 

Bullowa, J. G. M. 66. 

Burris, R. H. 96. $ 

Burton, I. F. 251. 

Bush, M. T. 232. 

Butler, T. C., and Bush, M. T. Barbiturates, 
anesthetic activity. 232. 


Cameron, J. A. CO recovery, X-ray. 234. 

Campbell, H. A. 85. 

Carey, E. J. Nerve, motor end plate, inani- 
tion. 155. 

Carryer, H. M., and Swanson, V. F. Liver 
function test, sulfanilamide acetylation, 


Cary, M. K 

Chaffee, E. mT, 281, 285. 

Chen, K. ae 8. 

Clark, P. F. 344. 

Clark, W. G, Strakosch, E. A., and Nord- 
lum, C. Sulfonamide, skin penetration, 
iontophoresis. 43, 

Cohen, S. 180 

‘Cook, E. S., Kreke, C. W., Eilert, M. R., 
and Sawyer, M. A. Skin respiration, 
germicide depression, yeast extr. 210, 

Cooper, M. L., and Keller, H. M. Sulfonamide 
studies, media. 148. 

Cortell, R. 237. 

Cravens, W. W., Sebesta, E. E., Halpin, J. 
G., and Hart, E. B. Biotin, reproduction 
effect. 101. 


Daft, F. S., Sebrell, W. H., and Lillie, R. D. 
Liver necrosis prevention by cystine, me- 
thionine. 1. 

Davis, D. S. 288. 

Davis, H. A., and Eaton, A. G. Serum albu- 
min, bovine, for other animals. 246, 
Dean, R. B. Blood, erythrocyte, ion permea- 

bility. 162. 

deBeer, E. J. 70. 

DeLamater, A. 349. 

Dienes, L., and Smith, W. E. Pleuropneu- 


monia-like infection, genital tract. 99. 
Dittmer, K. 374. 
Doan, C. A. 341. 
Donnelly, G. L. Vocal cords, removal in dog. 
79. 


Dunham, W. B. Embryo, chick, antiseptic 
toxicity. 274. 

Dunlap, E. B., Jr. 256. 

DuVigneaud, vo Dittmer, K., Hofmann, K., 
and Melville, D. B. Biotin, diamino acid, 
yeast stimulant. 374. 

Dyniewicz, H. A. 266. 


Eaton, A. G. 246. 

Eddie, B., and Francis, T., Jr. Psittacosis- 
like infection. 291. 

Edwards, P. R. 174. 

Eilert, M. R. 210. 

Enders, J. F., and Cohen, S. Mumps anti- 
body detection. 180. 

Engel, M. B., and Furuta, W. Phosphatase 
distribution, teeth. 5. 

Engel, R. W. Choline deficiency, 193. 

Evans, J. S. 353, 356. 


Farmer, L., and Fribourg, R. Histamine sen- 
sitivity, thyroid. 208. 

Farr, L. E., MacFadyen, D. A., Taylor, G., 
Shands, A. R., Jr., Ferguson, W. R., Dun- 
lap, E. B., Jr., and Johnson, C. Plasma 
amino acid N, anesthesia, surgery. 256. 

Ferguson, W. R. 256. 

Fogelson, S. J. 304, 

Fouts, P. J., and Lepkovsky, S. Pyridoxine- 
deficiency, urine green pigment. 221. 
Fox, C. L., Jr., and Rose, H. M. Sulfonamide 

lonization. 142, 

Francis, T., Jr. 291. 

Fraps, R. M., Riley, G. M., and Olsen, M. 
W. Ovulation, induced, time. 313; and 
Olsen, M. M., and Neher, B. H. Ovula- 
tion, forced, hen. 308. 

Freyberg, R. H. 253. 

Friboug, R. 208. 

Friedman, M., Kaplan, A., and Williams, E. 
Renin absence in glomerular kidney. 199; 
Kruger, H. E., Kaplan, A. Renin, in- 
effectiveness. 56. 

Frolich, A., and Mirsky, I. A. Convulsion 
susceptibility, age, bile. 25. 

Furuta, W. 5. 


Gault, E. S. 91. 

Gellhorn, E., Kessler, M., and Minatoya, H. 
Reflexes, conditioned, metrazol, insulin, 
electric convulsions. 260. 

Geohegan, W. A., and Aidar, O. J. Pregangli- 
onectomy, functional reorganization. 365. 

Glick, D. Atropinesterase, inhibition, ac- 
tivation. 104, 

Gordon, L. E., and Pomerat, C. M. Respira- 
tion, newt, temp., anesthesia. 202. 

Gottschalk, R. G. Tumor formation, benz- 
pyrene. 369. 
aham, E. A. 139. 

Gray, S., and Huggins, C. Semen, electro- 
ety ge 351. 

Green, M 


Halpin, J. G. 101. 
Hamilton, H. L., and Plotz, H. Biotin, 
nerve tissue stimulant. 133. 


432 


Hammon, W. McD. 125. 

Harris, P. N. 228. 

Hart, E. B. 101. 

Hauschildt, J. D., and Evans, 
dotropic, augmentative 
sponse. 353, 356 

Hause, W. A. 115. 

Hazen, E. L. Botulinus, strain differentia- 
tion. 112. . 

Henderson, H. J., Spaulding, E. H., and 
Gault, E. S. Leprosy, globi bacilli dem- 
onstration. 91; leprosy b., sep’n. from tis- 
sue. 92. 

Hirsch, M. M., and Novak, M. V. Germicide 
evaluation, toxicity. 376. 

Hirschfelder, A. D., and Tamcales, G. Auric- 
ular fibrillation, procaine inhibition. 272. 

Hirst, G. K., Rickard, E. R., and Whitman, 
L. Virus influenza, conc. 129. 

Hobby, G. L., Meyer, K., and Chaffee, E. 
Penicillin in vitro. 277; penicillin, mode 
of action. 281; penicillin, chemotherapeu- 
sis. 285. 

Hodgkins, M. P. 300. 

Hofmann, K. 374. 

Houchin, O. B., and Mattill, H. A. Muscle 


respiration, vit. E deficiency, g-tocopherol. 
21 


J. S. Gona- 
effect, rat re- 


Jacobson, S. E., and Smyth, J. Plasma 
vol., intravenous pectin, saline injn. 218. 

Jeffers, W. A., Livezey, M. M., and Austin, 
ie H. Pitressin, detn. eae ge ac- 
tion. 184. 

Jeffery, G. 222. 

Jensen, H., Hauschildt, J. D., and Evans, J. 
S. Gonadotropic augmentative effect. 356. 

Johnson, C. 

Jones, H. Ww. tis. 


Kaplan, A. 56, 199. 
Kaplan, M. S. 41. 
Kayland, S. 288. 

Keller, H. M. 148. 

Kernkamp, H. C. H., and Roepke, M. H. 
Enteritis, swine, sulfaguanidine. 268. 
Kershbaum, A., and Schwartz, L. Sulfona- 

mides non-permeability, blood clot. 165. 
Kessler, M. 260. 
Keys, A. 325, 328. 
King, J. T., and Kaplan, M. S. p-Nitroben- 
zoic acid, bacteriostasis, tissue. 41. 
Kline, B. E. 361 
Kobrin, M. 95. 
Korzenovsky, M. 12. 
Krantz, J. C., Jr 248. 
Kreke, C. E. 210. 
Kruger, H. E. 56. 


Lederer, M. 53. 

Lee, S. B., Burris, R. H., and Wilson, P. W. 
Azotobacter vinelandii, enzymes, 96. 

Lepkovsky, S. 221. 

Lillie, R. D. 1. 

Livezey, M. M. 184. 

Loewe, L., Rosenblatt, P., and Lederer, M. 
Heparin administration. 53. 

Lowell, F. C. Insulin, antibodies. 167. 

Ludwig, Beeps 145: 

Lund, A. P., and Armstrong, W. D. Bone, 
low Ca, vit. D deficient diet. 363. 


McEachern, D. 28. 

MacFadyen, D. A. 256. 

MacNeal, W. J., Spence, M. J., and Blevins, 
A. Meningitis, staph., cure. 176. 


AuTHORS’ INDEX 


Maier, J., and Riley, E. Sulfonamide inhibi- 
tion by p-aminobenzoic acid, malaria. 152, 


tby, G. L., and Rosenbaum, M. Eclamp- 
sia, cerebral dysrhythmia, 10. 
Manwell, R. D., and Jeffery, G. Malaria 


parasites, low-temp. preservation. 222, 

Marble, A. 242. 

Margoles, C. 288. 

Marks, H. C. 145. 

Mattill, H. A. 216. 

Melville, D. B. 374. 

Meyer, C. E., Burton, I. F., and Sturgis, C. 
(os Anemia, pernicious, riboflavin ab- 
sorption. 251. 

Meyer, K. Fp ‘281, 285. 

Mickelson, O. 31. 

Miller, F. R., Hause, W. A., Jones, H. W. 
Leucemia, urine sp. subst. 415. 

Minatoya, H. 260. 

Mirsky, I. A. 25. 

Morris, R. P. Tuberculosis, collodion-agglu- 
tination. 172. 

Mueller, C. B., and Graham, E. A. Wound 
healing, hypophysectomy. 139, 


Neher, B. H. 308. 
Nordlum, C. 43. 
Novak, M. V. 376. 


Odom, G., and McEachern, D. Brain lesions, 
unmasked by thiamine deficiency. 28. 

Ogden, E. 320. 

Olsen, M. W. 308, 313. 

Ordal, E. J., and Borg, A. F. Lactate, bac- 
terial phe rete surface agents. 332. 

Oster, K. A. 108. 


Petersen, W. E. 
mones. 298. 
Pickels, E. G. Embryo, chick, removal from 


Mamma, perfused, hor- 


Pomerat, Cc. M. 202. 

Popper, H., Steigmann, F., 
H. A. Liver damage, vit. A. 266, 

Preston, W. S., Block, W. D., and Freyberg, 
R. H. Arthritis, chronic, chemotherapy; 
Au-S compounds. 253. 

Prinzmetal, M., Alles, G. A., Margoles, C., 
Kayland, S., and Davis, D. S. Hyperten- 
sion, tyrosinase. 288, 


and Dyniewicz, 


Quick, A. J. Plasma prothrombin, air cur- 
rents. 317, 319. 


Ragan, C., and DeLamater, A. Hyaluronic 
acid hydrolysis. 349. 

Rasmussen, A. F., Jr., and Clark, P. F. 
Poliomyelitis immunity. 344. 

Rath, M., and Krantz, J. C., Jr. Blood pres- 
sure, ae hee in hypersensitivity. 248, 


Reed, B. P aye. 

Reed, C. Ie and Reed, B. P. Rickets, bone 
x-ray diffraction pattern, 196. 

Reeves, W. C., Hammon, W. McD., and 
Izumi, E. M. Virus, encephalitis trans- 
mission by culex. 125. 

Reiner, L., deBeer, E. J., and Green, M. Pro- 
teins, basic, toxicity. 70. 

Reinhardt, W. O. Thyroidectomy, det’n, com- 
pleteness with I*. 81. 

Rhodes, A. F. 242. 

Richards, R. K., and Cortell, 
study. 237. 

Rickard, E. R. 129. 

Rigdon, R. H. Blood coagulation, 
heparin inhibition. 324. 


R. Dicumarol 


failure 


AuTuors’ INDEX 433 


Riley, E. 152. 

Riley, G. M. 313. 
ke, M. H. 268. 

Rose, C. L., Harris, P. N., and Chen, K. K. 
Dicumarol toxicity. 228. 

Rose, H. M. Mag 

Rosenbaum, M. 

Rioseabiact, 8 Sh5 SB 

Rubin, M. A., and Turner, E. Electroenceph- 
alogram, blood sugar, hyper-ventila- 
tion. 270. 

Rusch, H. P. 361. 


Salle, A. J., and Korzenovsky, M. Germi- 
cides, ae im vacuo,, 12. 

Sapirstein, L. A., Southard, F. D., Jr., and 
Ogden, E. Blood pressure restoration, 
renin activator. 320. 

Saslaw, S. 341. 

Savage, G. 328. 

Sawyer, M. A. 210. 

Schales, O. 74. 

Schmelkes, F. C., Wyss, O., Marks, H. C., 
Ludwig, B. J., and Strandskov, F. B. 
Sulfonamide action mechanism, 145. 

Schwab, J. L. 341. 

Schwartz, L. 165. / 

Schwei, G. P., and Quick, A. J. Hippuric 
acid, excretion rate. 319. 

Scudi, J. V. Vit. K, menadione, action in 


5 

Selye, H., and ites t S. Hormone, follicular, 
pituitary, adrenal response and age, 159. 

Shands, A. R., Jr. 256. 

J. A. 189. 

Shapiro, B. 116. 

Shapiro, S., Sherwin, B., Redish, M., and 
Campbell, H. A. Blood prothrombin 
det’n. 85. 

Sharp, D. G., Taylor, A. R., Beard, D., and 
Beard, J. W. Papilloma antiserum, " elec- 
trophoresis. 358; virus, papilloma, elec- 
tron microscope. 205. 

Shearburn, E. W. Hypoproteinemia, saline 
infusion, blood vol., proteins. 140. 

Shelley, W. B., Hodgkins, M. P., and Vis- 
scher, yt. - Protamine toxicity. 300. 

Sherwin, B. 

Shoch, D., ay Fogelson, S. J. Peptic inhibi- 
tion. 304. 

Sigurdsson, B. Antibodies, cyto-, demonstra- 


Smyth, Csi 218 

Soloway, S., and Oster, K. A. Amines, pres- 
sor, diketone inactivation. 108. 

2D, Jr. 


Sou 
Spaulding, E 


Bw M. J. 176, 

Spink, W. W., Vivino, J. J., and Mickelson, 
O. Staphylococci, cozymase and growth 
sulfonamide, 31; Spink, W. W., an 
Vivino, J. J. Sulfonamide, staphylocoagu- 


Stats, D., ‘and ‘Bullowa, J. G. M. Blood co- 
agulation, coumarin, 66. 

Steigmann, F. 266. 

Strakosch, E. A. 43, 262. 

Strandskov, F. B. 145, 

ke L. C. Harderian gland pigment, sex. 


Sturgis, C. C. 251. 

Styron, C. W., Tucker, H. S., Jr., Rhodes, 
A. F., Smith, T. C., and Marble, A. Thi- 
amine deficiency, diabetes. 242, 

Sugiura, K. Neoplasm, yellow O. B, 214, 

Swanson, V. F. 339. 


Tamceales, G. 272, 

Taylor, A. R. 205, 358. 

Taylor, G. 256. 

Taylor, H. L., ‘and Keys, A. Plasma albumin, 
bovine antigen. 325; and Savage, 
Plasma albumin, bovine, intravenous, 328. 

Tenenberg, D. J. 262. 

Thomas, J. E. Pavlov pouch prep’n. 58, 

Tittler, I. A., and Kobrin, M. Carcinogenetic 
agents, Paramecium caudatum. 95. 

Tsuchiya, H. M., Tenenberg, D. J., Clark, W. 
G., and Strakosch, E. A. Sulfonamide 
bacteriostasis enhancement by urea; me- 
thionine antagonism. 262, 

Tucker, H. S., Jr. 242. 

Turner, E. 770. 


Visscher, M. B. 300. 
Vivino, J. J., and Spink, W. W. Staphy- 
lococci, sulfonamide-resistant strains. 336; 


, 


Waterhouse, A., and Shannon, J. A. Water, 
body, det’n. by sulfanilamide. 189 

Whitman, L. 129. 

Williams, E. 199, 

Wilson, H. E., Doan, C. A., Saslaw, S., and 
Schwab, J. L. Hematology, monkey, de- 
ficiencies. 341. 

Wilson, P. W. 96. 

Wyss, O. 145. 


Zarrow, M. Adrenalectomy, low temp. pro- 
tection by desoxycorticosterone, proges- 
terone. 135. 

Zondek, B., Bromberg, Y. M., and Shapiro, 
B. Sulfonamide, percutaneous. 116. 


434 


SUBJECT INDEX 
(The numerals indicate the page.) 


Adrenalectomy, low temp. protection by de- 
saxyeorticosterene, progesterone, ms. 
Amines, pressor, diketone imactivation, 108 
Anemia, pernicions, riboflavin absorption, 21. 
Antibedies, cyte-, demonstration, @. 
Arthritis, chronic. chemotherapy: Au-S com- 
pounds, 2. 
Atropinesterase, inhibition, activation, 104. 
Auricular fibrillation, procaine inhibition, 272. 
Azetedacter vinelendh, enzymes, 96. 


Barbiturates, anesthetic activity, 222. 
Bleed Cl HCOs distribution after adding 
HCl 49. 
coagulation, coumarin, 66. 
failure heparin inhibition, S24. 
erythroeyte, iom permeability, 162. 
hematology, monkey, deficiencies, 341. 
hypepreteinemia, saline infusion, bleed 
val, proteins, 140 
Plasma albumin, bovine, antigen, 32) 
ro SS 
amine acid N. anesthesia, surgery, 236 
prothrombin, ‘air eurrents, 317. 
vol. 3 intrareneus pectin, saline inin., 
Ra 
pressure, NaNO: in hypersensitivity, M&S 
restoration, renin activator, 2 
prothrombin detn.. &5 
seream albumin, bevine, fer other animals, 
wemous pressure, portal, 258. 
Bone, low Ca, vit, D deficient diet, 363. 
Botulinus, stain differentiation, 112. 
Brain lexons. unmasked by thiamine de- 
ciency, 28 


agents, Peremecium caude- 
Sum. S 
Cenvulsion, susceptibility, age, bile. 25. 
€O recovery, X-ray, 234 


Dicumarel study, 257. 


taxterty, 22 


Ectampsia, cerebral dysrhythmia, 1 
ba) sugar, hyper- 
ventilation, 27 
Embryo, chick. antisentic toxicity, 274 
removal from egg, 2M 
Enteritis, swime. suliaguanidine, 268 


icide, effectiveness ie vecwe, 12. 
evaluation, toxicity, 37& 


Harderian cland Pigment, sex, 123. 
Heparin administration, A A 
Hippuric acid, excretion rate, 319. 
ime senSitivity. thyroid, 2S. 
Hermene. follicular, pituitary, adrenal re- 
Spense and age, 139% 
gonadotropie ae effect. 356 
rat respease, 3 
imscin, ei er. 
pitressim. detm antidiuretic action, 1S4 
Hyaluronic ack hydrolysis, 8. 
Hypertension, 


tyresmase, 3S 


Trem, fonized, origin, CO effect, 74 


Lactate, bacterial oxidation, surface agents, 


32. 


b.. sep’n. from tissue, 92. 

glebi bacilli demonstration, 91. 

ja, urine sp. subst. 15, 
Liver damage, vit. A. 26. 

feaction test, sulfanilamide acetylation, 
Woe. 

necrosis prevention by cystine, methio- 
nine, 1. 


Malaria parasites, low-temp. preservation, 
7 


Mamma, perfused, hormones, 298. 

Melanin formation, carcinogenic azo dye de- 
Sagres 361, as 

or ares a staph. cure, 7 

Meningoceccus, gonococeus metabolic differ- 

ence, 22. 

Mumps, antibody detection, 180. 

Musele respiration, vit. E deficiency, q-toceo- 
pherol, 216. 


Neoplasm, yellow O. B., 214. | 
Nerve, moter end plate, inanition, 158. 


Ovulation, forced, hen, 308. 
induced, time, 313. 


p-Nitrobenzoic acid, bacteriostasis, tissue, 41. 
antiserum, electrophoresis, 358. 

Paviev pouch prep’n., 3S. 
Penicillin, chemotherapeusis, 285. 

tm vitre, 277. 

oalie of action, 2381. 
Phosphatase distribution, teeth, 5 
Plasmedium cathemerium infection, 90. 
Pleuropneumonia-like infection, genital tract, 


99. 
Poliomyelitis, immunity, 344 
Preganglionectomy, functional reorganization, 
368. 


Protamine toxicity, 300. 
Preteims, basic, toxicity, 70. 
Psittaceosis-like infection, 291. 


Reflexes, conditioned, metrazol, insulin, elec- 
trie convulsions, 260. 
Renin absence in glomerular kidney, 199. 
ineffectiveness, 56. 
Respiration, newt, temp.. anesthesia, 202. 
Rickets, bone x-ray diffraction pattern, 196. 


Salmonella antigens, 174. 
Semen, electrophoresis, 351. 
Smus gland removal, 295. 
Skim respiration. germicide depressian, yeast 
extr.. 210 
Staphylococci, Sa eves and growth, sul- 
fonamide, 31. 
sulfonamide-resistant strains, 336 
_Peptic inhibition, 304. 
action mechanism, 145. 
patois Sos enhancement urea; 


siabentiGa: 142. 

eos sera bleed clot, 165. 
perentaneous, 
skin norte iontophoresis, 43. 


- 


Sugjsecr InpEx 435 


37. clectron abe bie 205, 
‘in reat feeding, 16, 
diamino acid, yeast stimulant, 374. : 
nerve tissue stimulant, 133. 
ae eproduction ars i. 
with I*, K, menadione, action in vitro, 16. 
pytidoxine-deficiency, urine green pig- 
_ ment, 221, 5 
thiamine deficiency, diabetes, 242, 
Vocal cords, removal in dog, 79. 


later, body, det’n. by sulfanilamide, 189, 7 
Wound healing, hypophysectomy, 138. - 


preliminary manuscripts are indicated by the letter P after the number 


ALBERT, §., 159. 
_ APPERLY, F. L., and CARY, M. K. 
ASMUNDSON, V. 8S. 


AUSTIN, J. H., 184. 
BARKAN, (oo nia SCHALES, 0. 


BECKMAN, H. 


BLEVINS, A., 176. 
BOLLMAN, J. L. 
BOOR, A. K. 


BROMBERG, Y. M., 116. 
BRUNER, D. W., and EDWARDS, P. R. 


ss BULLOWA, J. G. M., 66. 
ss BURRIS, R. H., 96. 

ss CAMPBELL, H. A., 85. 
GAREY, B. J. 


CARY, M. K., 49. 
‘CLARK, W. G., STRAKOSCH, E. A., and 
NORD LUM, C 


COHEN, S., 180. 
COOPER, M. L., and KELLER, H. M. 


VENS, W. W., cee E. E., 
HALPIN, J. G., and HAR T, E. B. 
_*DAFT, Be 2 SEBRELL, W. H., and 


= as 
\ 


of the article 
INDEX 


Distribution of Chlorides and Bicarbonates in 
Blood Following Addition of Hydrochloric 
Jae Benton 2 ES ees Tbe ee Boe Sope ee ere ee eer 

Skeletal 
TITTY Bases ec tan he van sas loroveriseodoweesbdracgeloviyre 


Origin of Ionized Iron After Action of Acids 
on Blood and Influence of Carbon Monoxide 
Course of Infections with the 3H2 Strain of 
Plasmodium cathemerivm in Canaries... 


Dextrose Administration and Vitamins B.......... 
A Distinguishing Difference in Metabolic Re- 
quirements of ete ea ae and Gono- 
COCR his stiinesosanscalanseadecsuaaartoatand 


Two New Salmonella Types with Undeseribed 


Wilagellar Antigens.) cnc-ccciccoveseconanvodeensssracedunere 


Morphologic Effects of Acute Inanition on 
Motor Vnd Plates........0cccccocccecececesen 


ennceransneonwewee 


Penetration of Sulfonamides Through Intact 
Skin by Iontophoresis and Other Means of 
Local Application... 


Factors Influencing the Choice of Media for 
in vitro Sulfonamide Studies. eneeene 
Effect of Biotin on Reproduction in the Do- 
eg oes Le Sia anne BOE See Dc aas. re ena 
Prevention by Cystine or Methionine of Hem- 
orrhage and Necrosis of the Liver in Rats... 
Permeability of Red Blood Cells to Ions... 


Relationship of Pleuropneumonia-Like (L) 
Organisms to Infections of Human Genital 
ie Fig Pee ie 9 te Ea es La reno, 5s ER A ON es 

Permanent Devocalization of Dogs by Removal 
of Both the True and False Vocal Cords... 


Detection of Antibody by Complement-Fixa- 
tion in Sera of Man and Monkey Con- 
valescent from Mumps... 

Histochemical Studies of Phosphatase Dis- 
tribution in Developing Teeth of the Albino 
LEG EAE 2 hE Stee Se ee cen Meena 


Ionization of Sulfonamides... 
Inability of Purified Renin to Reduce the Blood 
Pressure of Hypertensive Dogs 


49 
120 


74 


90 


18 


22 


174 


79 


142 


Se ss 


il 
FROHLICH, A., and MIRSKY, I. A. 
FURUTA, W., 5. 


GAULT, E. S., 91. 
GLICK, D. 


GRAHAM, E. A., 139. 
GREEN, M., 70. ‘ 
HALPIN, J. G., 101. 


., HAMILTON, H. L., and PLOTZ, H. 


HAMMON, W. McD., 125. 
HART, E. B., 101. 
HAUSE, W. A., 115. 
HAZEN, E. L. 


HENDERSON, H. J. 


HENDERSON, H. J., SPAULDING, 
E. H., and GAULT, E. 8. 

HIRST, G. K., RICKARD, E. R., and 
WHITMAN, L. 


IZUMI, E. M., 125. 
JEFFERS, W. A., LIVEZEY, M. M., 
and AUSTIN, J. H. j 


JONES, H. W., 115. 

KAPLAN, A., 56. 

KAPLAN, M. §., 41. 

KELLER, H. M., 148. 

KERSHBAUM, A., and SCHWARTZ, L. 


KING, J. T., and KAPLAN, M. 8. 


KOBRIN, M., 95. 
KORZENOVSKY, M., 12. 
KRUGER, H. E., 56. 
LEDERER, M., 53. 


LEE, 8S. B., BURRIS, R. H., and WIL- 
SON, P: We 
LILLIE, R. D., 1. 


LIVEZEY, M. M., 184. 


LOEWE, L., ROSENBLATT, P., and 
LEDERER, M. 


LOWELL, F. C. 


LUDWIG, B.-J., 145. 
McEACHERN, D., 28. 


MAC NEAL, W. J., SPENCH, M. J., and 
BLEVINS, A. 


MATER, J., and RILEY, BH. 


INDEX 


Suseeptibility to Convulsions in Relation to 
Age. II. Influence of Bile in Rats................. 25 


Studies on Inhibition and Aetivation of 
Atfropinesteras® ~ 2...<scsc..-ctcccencc ee Re 104 


Use of Biotin for Stimulating Growth of Nerve 
Tissue and Other Cells in vitro............-----. 133 


Differential Characters of Two Strains of 
Clostridium botulinum, Type E: Action of 


Toxins’ in’ Chickens.:22..22.0 Ake ee 112 
A Method for Separating Intact Leprosy 

Bacilli from Leprous Tissue.......4......--s oe 92 
Demonstration of Globi and Leprosy Baeilli 

by Fluorescence Microscopy........-...-—----------: 91 
A New Method for Concentrating Influenza 

Virus from Allantoic Wluid......:........2e 129 


A Method for Demonstrating an Antidiuretic 
Action of Minute Amounts of Pitressin. 
Statistical Analysis of Results...................... 184 


Non-Permeability of Blood Clot to Sulfon- 
-amide Drugs in Presence of Increased Tem- 


perature! Lo. eh eee ct a ee eee 165 
Influence of Tissue on Bacteriostatie Effect of 

Paranitrobenzoic, “Acides <5. eee Al 
Cell-Free Enzymes of Azotobacter vinelandii... 96 
A New Method of Administering Heparin........ 53 
Evidence for Existence of Two Antibodies for 

Crystalline ainstylin a2. no. ceee eee neers 167 


Cure of Experimental Staphylococcal Menin- 


SUS eae ee 176 
Inhibition of Antimalarial Action of Sulfon- - 
amides by p-Aminobenzoie Acid......-.......... 152 


MALTBY, G. L., and ROSENBAUM, M. 
MARKS, H. C., 145. 
MICKELSON, O., 31. 


MILLER, F. R., HAUSE, W. A., and 
JONES, H. W. 


MIRSRY, I. A., 25. 
MORRIS, R. P. 


MUELLER, C. B., and GRAHAM, E. A. 


NORDLUM, C., 43. 
ODOM, G., and MeHACHERN, D. 


OSTER, K. A., 108. 

PLOTZ, H., 133. 

REDISH, M., 85. 

REEVES, W. C., HAMMON, W. MeD., 
and IZUMI, EB. M. 

REINER, L., deBEER, E. J., 
GREEN, M. 

REINHARDT, W. O. 


and 


RICKARD, E. R., 129. 

RILEY, E., 152. 

ROSE, H. M., 142. 

ROSENBAUM, M., 10. 

ROSENBLATT, P., 53. 

SALLE, A. J., and KORZENOVSKY, M. 


SCHALES, O., 74. 

SCHMELKES, F. C., WYSS, 0., MARKS, 
H. C., LUDWIG, B. J., and STRAND- 
SKOV, F. B. 


SCHWARTZ, L., 165. 
SCUDI, J. V. 


SEBESTA, E. E., 101. 
SEBRELL, W. H., 1. 
SELYE, H., and ALBERT, S. 


SHAPIRO, B., 116. 


SHAPIRO, S., SHERWIN, B., REDISH, 
M., and CAMPBELL, H. A. 


SHEARBURN, E. W. 
SHERWIN, B., 85. 
SIGURDSSON, B. 


SMITH, W. E., 99. 
SOLOWAY, S., and OSTER, K. A. 


INDEX 


tl 


Relation of Cerebral Dysrhythmia to Eelampsia 10 


Specific Substances in the Urine of Leucemia 
Pate sy ss -te2 2. caetae uae cc dedealeamate tana denyas dates pee 
Collodion-Agglutination Test in Human Tuber- 
culosis 


Influence of Hypophysectomy on Epithelization 
of Wounds and on Fibroplasia.............-.--.-------- 


Subarachnoid Injection of Thiamine in Cats. 
Unmasking of Brain Lesions by Induced 
Mhiaming) Wetievency--sesecan soe va ne Bere os 


Experimental Transmission of St. Louis En- 
cephalitis Virus by Culex pipiens Linnaeus.. 


Toxic Effects of Some Basic Proteins................ 


Method for Determining Completeness of 
Thyroidectomy Using Radioactive Iodine... 


172 


139 


125 


70— 


Effect of a Vacuum on Destruction of Bacteria 


bys Giermatelden:¢ 2b o8- ince hessrc ase aavsitloncmnnaaroue rere 


Acidie 


Mechanism of Sulfonamide Action. 
Dissociation and Antibacterial Effect 


Reactions of  2-Methyl-1,4-Naphthoquinone 
(Menadione) with Whole Blood and Plasma 
LTO RAY UT OS gins ons ea a ca a alae x a mera ete aloe 


Age Factor in Responsiveness of Pituitary and 
Adrenals itor Hollictlords ee 2. e-c-cctec- ec noes 


Prothrombin Estimation: 
Clinical. Tniterpretatious:.. 22-2 o.ccsecseezeence-see-e 
Effeet of Saline Infusions upon Blood Volume 
and Serum Proteins of Hypoproteinemic 
Dogs 


A Procedure and 


A New Method for Demonstrating Cyto-Anti- 
bodies in vitro 


Inactivation of Pressor Amines by Quinones 
and “Related IDiketones x22 a. consenss-pcancadaas 


12 


16 


159 


85 


140 


62 


iv INDEX 


SPAULDING, E. H., 91. 
SPENCE, M. J., 176, 


SPINK, W. W., and VIVINO, J. J. Effect of Sulfonamide Compounds upon Sta- 
phylocoagulase)) co:.22 5.25 co eee ee 37 

SPINK, W. W., VIVINO, J. J., and Effects of Cozymase upon Growth of Staphylo- 

MICKELSON, O. cocci and Antistaphylococcal Action of Sul- 
fonamide Compounds..:...20-0....,--20 eee 31 


STATS, D., and BULLOWA, J. G. M., Effect of a Single Dose- of 3,3’-Methylenebis 
(4-Hydroxycoumarin) upon Blood Coagula- 


tion in) Humans, 322 ete e Gaae acorn eee 66 
STRAKOSCH, E. A., 43. 
STRANDSKOV, F. B., 145. 
STRONG, L. C. Sex Differences in Pigment Content of Har- } 
derian-Glands of Micein .-2-iccter ose 123 
THOMAS, J. E. A Simplified Procedure for Preparing an Im- 
proved Pavlovi Pouch:..:22.:. 22-1 a ere 58 
Pa TITTLER, I. A., and KOBRIN, M. Effects of Carcinogenic Agents on Paramecium 
7 COUDGIUM. Aree arent eee ea 95 


VIVINO, J. J., 31, 37. 

WHITMAN, L., 129. 

WILSON, P. W., 96. 

WYSS, O., 145. ; 

ZARROW, M. Protective Action of Desoxycorticosterone 


Acetate and Progesterone in Adrenalec- 
tomized Mice Exposed to Low Temperatures 135 


ZONDEK, B., BROMBERG, Y. M., and Percutaneous Application of Sulfanilamide in 
SHAPIRO, B. Animals and) Miamicis <2) teers nee oo eee 116 


